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ABSTRACT 
The c h a r a c t e r i s t i c s of Cleveland in terms of the 
ex i s t ing phys ica l elements of the landscape and i t s 
settlement h i s tory are presented as a background to the 
study of Late Quaternary ecological changes there. 
L a t e - g l a c i a l and Post -g lac ia l landscape evolution 
i s traced by the interpretat ion of s trat igraphica l and 
palynological records obtained from f ive mire s i tes by 
establ ished techniques of Quaternary research. The s i tes 
l i e upon an a l t i t u d i n a l transect from around 70 metres 
O.D. on the Cleveland P l a i n in the west of the region to 
about 235 metres O.B. upon the North Cleveland I'oors, and 
range over some 30 kilometres distance. 
Apart from a proposed three stage o s c i l l a t i o n of 
i n t e r s t a d i a l rank within the L a t e - g l a c i a l period, the 
normal sequence of a predominantly open Late 7e ichse l ian 
vegetation followed by a largely closed forest cover in 
ear ly P o s t - g l a c i a l time i s encountered. Differences 
ex i s t ing between lowland and upland habitats at part i cu lar 
times are explained in terms of ecological (mainly c l imatic 
and edaphic) f a c t o r s . The later Pos t -g lac ia l period i s 
considered in the context of Cleveland's s u i t a b i l i t y as a 
dwelling place for prehis tor ic and ear ly h i s t o r i c man, and 
the e f f e c t s of h i s successive occupations upon the natural 
vegetation cover are discussed as late in time as re l iab le 
ecological evidence permits. I t i s suggested that the 
e a r l i e s t s e t t l e r s in the region may have had considerably 
greater e f f ec t s upon their environment than has formerly 
been credited to them, and that the uplands had reached a 
stage of ecological imbalance by ear ly h i s t o r i c time, the 
I I 
lov/lands achieving this somewhat later and with a 
•lefc easily 
lesser degree of permanent and^irreversible change 
I l l 
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INTRODUCTION 
1 • Aim and Scope of the IVork 
The aim of th is thesis i s to attempt, using primari ly 
techniques of Quaternary Research, to elucidate the ecological 
h i s tory of a r e l a t i v e l y small and diverse part of north-erstern 
Yorkshire since the retreat of the ice of the last g lac ia t ion . 
The se lect ion of Cleveland, comprising the North Cleveland 
Moors and the adjacent Cleveland P l a i n was influenced by a 
number of fac tors . 
F i r s t l y , the presence of both upland and lowland with 
quite d i f ferent contemporary environmental conditions, offered 
the p o s s i b i l i t y of an a l t i t u d i n a l transect across the repion 
to test for s i m i l a r i t i e s or differences which may have existed 
in past landscapes. 
Secondly, the fact that Weichselian ice covered the 
region (Gregory, 1962), leaving behind i t a variable mantle 
of deposits and landforms containing s i t e s which were both 
sui table and accessible for invest igation of Late Quaternary 
environmental evolution. 
T h i r d l y , information concerning various facets of the 
physical and c u l t u r a l landscapes, p a r t i c u l a r l y from the 
geomorphological and archaeological standpoints i s readi ly 
a v a i l a b l e , i f not a l l recently contrived, therefore making 
possible cer ta in correlat ions between different l ines of 
evidence. 
F i n a l l y , the work was conceived as a contribution to 
a wider research programme in this part of Northern England, 
concerned with numerous interre lated problems pertaining in 
Quaternary Studies there. 
The i n i t i a l part of the thesis i s devoted to a brief 
survey of the study area, with par t i cu lar emphasis paid to 
i t s conte'.iporary environmental conditions, and also to i t s 
hi story.of settlement and land use. I t would be extremely 
d i f f i c u l t to consider the evolution of past landscapes without 
some knowledge of the geography of those of the present, 
^'oreover, i t i s a fundamental pr inc ip le of environmental 
reconstruction that comparisons with present day distr ibut ions 
conditions and tolerance l imits of phenomena form the basis 
of many hypotheses re lat ing to such in the past (for example, 
Conolly and Dahl, 1970), 
The second unit consists f i r s t l y of a general description 
of the s i t e s investigated and their location, and secondly 
the deta i led re su l t s of the work are presented separately for 
each s i t e examined. 
The penultimate section i s a discussion of the resu l t s 
obtained, with corre lat ions between the s i t e s and an attempt 
to reconstruct the ecological h is tory of the region from these 
and a l l i e d sources. 
The f i n a l part summarises and compares the available 
evidence with that of adjacent areas, and suggests possible 
re lat ionships between their Late Quaternary evolution, and 
with that of the accepted scheme for England and '.Vales as 
proposed by Godwin ( 1956) and updated by V/est ( 1968). 
2 , Previous S c i e n t i f i c Research in the Region 
In spite of ^ generally bleak, inhospitable character 
and a l imited scenic appeal, this thinly populated, mainly 
a g r i c u l t u r a l area has attracted a great deal of attention 
for the past 150 years . A formidable body of information 
concerning i t s natural h i s tory has been produced, p a r t i c u l a r l y 
during the f i r s t 30 years of the present century. The last 
four decades have seen no broad based regional studies but 
rather more a profusion of wide ranging, spa t ia l l y isolated 
and s p e c i a l i s t researches. 
The e a r l i e s t accounts were those of amateur n a t u r a l i s t s , 
such as J , C . Atkinson of Danby in Cleveland, whose papers in 
the 'Gentleman's Magazine' in the early 1860s, and book 
en t i t l ed 'Forty Years in a Moorland Par i sh ' (1891) r e f l e c t 
h i s various i n t e r e s t s , mainly archaeological . The early 
voltunes of the Proceedings of the Yorkshire Geological Society, 
and the Cleveland Natura l i s t s F i e l d Club, The Natural ist and 
Yorkshire Archaeological Journal contain a multitude of short 
notes and papers concerning discoveries and hypotheses in 
north-:cast Yorkshire by Hawell, Burton, Mortimer, Sheppard 
and others . The a c t i v i t i e s of such enthusiasts have fortunately 
been perpetuated by the Yorkshire N a t u r a l i s t s ' T r u s t , the 
Yorkshire Archaeological Society and numerous local natural 
h is tory s o c i e t i e s . To their members credi t for a large 
proportion of recent important f inds must be given. 
The late nineteenth and ear ly twentieth century saw the 
advent of s c i e n t i f i c approaches to topics previously treated 
in i s o l a t i o n and often ascribed to highly improbable causes. 
J . . G. Baker (1863) produced a related account of the Botany, 
Geology, Climate and Physical Geography of North Yorkshire, 
and the Geological Survey Memoirs of the region were published 
in 1885, 1886 and 1888, the resu l t s of the work of Fox-
Strangways, Barrow, Cameron and other well-known geologists of 
the period. 
Professor P. F . Kendal l ' s studies of 'The Glac ier Lakes 
of Cleveland' (1902, 1903) received wide acclaim, and had 
considerable implications on the interpretat ion of g l a c i a l 
re treat phenomena in other areas for the succeeding h a l f -
century. Together with H. E . Wroot, Kendall synthesised 
h i s researches in 'The Geology of Yorkshire ' (1924). 
As fundamental and i n f l u e n t i a l as Kendal l ' s geological 
hypotheses were those of the Commondale Naturalist , Frank Elgee , 
A memorial at Ralph Cross on Westerdale Moor today stands as 
a token for h i s massive contribution to natural history and 
archaeology in the region. His major publications 'The 
Moorlands of North-East Yorkshire ' (1912); 'The Romans in 
Cleveland' (1923); ' E a r l y Man in North-East Yorkshire' (1930) 
and (together with his wife) 'The Yorkshire County Archaeology' 
( 1933), summarise a l i f e t imes work and innxamerable papers, 
unr iva l l ed as yet as a source of regional understanding and 
synthesi s . 
While i t i s perhaps untrue to state that research in the 
decades following Kendall and Elgee's major publications was 
t o t a l l y conducted within the framework of their conclusions, 
the ir combined e f f o r t s were no doubt instrumental in providing 
the impetus for much of the work. Versey (1939) investigated 
geological structure and denudation chronology, v/hile Gsynor 
and I'elmore ( 1936?., 1936b) and^arr i son ( 1936) in the Vale of 
York and "ladge ( 1939) in ITorth Cleveland exe^nined the ^Ip.cit;.! 
sequence. 
The i n i t i a l Quaternary ecological studies were performed 
by Srdtman (1927, 1928). The peat deposits of Cleveland were 
examined as part of a v/ider invest igat ion into the Post -arct ic 
h i s tory of the forests of north-west6rn Europe. His conclusions 
suggested that the area had carr ied forest during the greater 
part of Pos t -g lac ia l time, a fact which Zlgee (1912) had 
considered, improbable. The outline nature of the analyses, 
carr ied out when palynology was a young and l i t t l e developed 
science, together with widespread bel ief in Elgee's ideas, 
saw h i s views make only a T.iiiOT impact in ;iorth-e?.st Yorkshire. 
I t was not u n t i l the early 1950s, that renev/ed interest 
and f resh approaches to both ecological and geomorphologicr,l 
problems in the region were made. The v/ork of Dimbleby 
( for exaiple , 1952, 1962) led him to str.te quite fir^nly that 
llrdtman had shown the area to have been forested throughout 
the greater part of Pos t -g l cc ia l time, with forest clearance 
the r e s u l t of anthropogenic a c t i v i t y late in t.' i s period. 
Godwin and /alker (1954) at s i t e s in the Vale of Pickering, 
es tabl ished beyond a l l reasonable doubt that this v/as the case, 
producing a vegetational succession from L a t e - g l a c i r l un t i l 
r e l a t i v e l y recent time for that area. 
Denudation chronolo^jy and Pleistocene geomorphology 
were not overlooked in this challenge to tradit ional ideas. 
Agar (1954) produced an account of the g lac ia l and F o s t - g l a c i a l 
geology of the Tees Lowland and Henry (1956) made a 
comprehensive study of the development of the Esk drainage 
system in re la t ion to topography. The glaciat ions of West 
Cleveland received some new suggestions from Best (1956), 
while Hemningway et a l (1958) provided a good summary of 
geology in the Whitby area, Anderson (1958) produced the 
f i r s t major work on Cleveland so i l s and their potential u^es, 
Sissons (1961) suggested that Kendal l ' s hypothesis of the 
deglaciat ion of part of Eskdale was wrong; and this was 
followed by Gregory's (1962) comprehensive thesis on the 
geomorphological evolution of the whole region, which 
reinterpreted many trad i t iona l ideas, p a r t i c u l a r l y concerning 
the Ple is tocene , Dimbleby (1962), consolidated h i s ideas 
upon the moorland's s tatus , and new archaeological views, 
for example, those of Hayes (1966) and Radley (1969) began 
to emerge, concerning par t i cu lar s i t e s and periods. Studies 
of h i s t o r i c a l documents, for example,by Waites (1957), 
Chapman (1961), Farra (1961) and Mitchel l (1965), have 
provided a new and detai led analysis of changing land use 
for h i s t o r i c times u n t i l the present. 
The most recent study of vegetational changes in the 
region has been that of Simmons (1969a, 1969b) who, r e s t r i c t i n g 
himself to a small area on the central watershed of the 
moorlands, demonstrated relat ionships between human a c t i v i t y 
and the environment, with par t i cu lar reference to l.'esolithic 
man's influence on the landscape. The research to be described 
i s intended to provide further evidence of ecological changes 
in Late Quaternary time, p a r t i c u l a r l y those of a general 
rather than a spec i f i c nature. The main aims of t h i s , and 
other work in preparation, (Cundi11, personal communication), 
i s the presentation of a more complete picture of such 
changes in the period considered by Gregory (1962), to 
"have shaped the detai led anatomy" of the contemporary 
landscape of the region. 
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CHAPTER 1 
DESCRIPTION OF THE STUDY AREA 
1.1 Topography 
C l e v e l a n d l i e s a t and around the n o r t h e r n f r i n g e s of 
the N o r t h Y o r k s h i r e Moors N a t i o n a l P a r k , and co m p r i s e s tv/o 
d i s t i n c t l a n d s c a p e r e g i o n s , the North C l e v e l a n d T'oors and 
the C l e v e l a n d P l a i n ( F i g u r e 1) . 
The moorland h a s the g r e a t e r a r e a l e x t e n t s t r e t c h i n g some 
22 k i l o m e t r e s (14 m i l e s ) from Guisborough I.foor i n the w e s t , 
to E g t o n Low Moor i n the e a s t , a t an average e l e v a t i o n of 240 
m e t r e s { 8 0 0 f e e t ) . The n o r t h e r n boundary of t h i s gently-
u n d u l a t i n g p l a t e a u i s marked by an imposing escarpment, 
r e a c h i n g between 275 and 395 metres ( 9 0 0 - 1,3CX> f e e t ) to 
the s o u t h of Guisborough, w h i l e f u r t h e r to the e a s t i t meets 
the c o a s t between 120 and 213 metres (400 - 700 f e e t ) O.D. , 
g i v i n g a v e r y s t r i k i n g c l i f f c o a s t l i n e . I n f r o n t of the 
main e s c a r p m e n t , the o u t l i e r s of the E s t o n and Ui^leatham H i l l s 
r i s e s h a r p l y o n l y P. few k i l o m e t r e s south of the Te e s e s t u a r y . 
They a r e s e p a r a t e d from the main moorland b l o c k by a s h a l l o w 
f l a t bottomed v a l l e y c o n t a i n i n g the town of Gui sborour;h. 
From the North C l e v e l a n d w a t e r s h e d , d r a i n a g e to the n o r t h 
i s to t h e Tees and to the south to the S s k ; i n both c a s e s by 
s h o r t , s w i f t f l o w i n g and o f t e n d e e p l y i n c i s e d s t r e a m s . The 
R i v e r E s k whic h r i s e s i n the west of the upland m a s s i f 
f l o w s eastv/ards, j o i n i n g the sea a t Whitby, and to the south 
of i t the moorlands r i s e to form the l o f t y c e n t r r . l w a t e r s h e d 
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r a d i a t i n g n o r t h and s o u t h . The h i g h e s t p o i n t i n t h i s a r e a 
i s 456 m e t r e s (1,489 f e e t ) O.D. a t B u r t o n Head on U r r a Moor. 
The l o w l a n d h a s a g e n t l e but d i s t i n c t r e l i e f , a v e r a g i n g 
around 60 - 90 m e t r e s (200 - 300 f e e t ) O.D., e n c i r c l i n g the 
e s t u a r i n e l o w l a n d s of the T e e s to the n o r t h , and merging 
i m p e r c e p t i b l y w i t h the hummocky topography of the n o r t h e r n 
p a r t of t h e V a l e of York to the s o u t h , w h i l e to the west i t 
s t r e t c h e s t o the f o o t of t h e C l e v e l a n d escarpment. The main 
d r a i n a g e system i s t h a t of the R i v e r Leven", which has i t s 
s o u r c e i n the u p l a n d v e r y n e a r to t h a t of the E s k , but i n 
c o n t r a s t to the l a t t e r , f o l l o w s a westward c o u r s e , e v e n t u a l l y 
e n t e r i n g t h e T e e s a t Yarm, 
1,2 G eology 
I n o u t l i n e , the g eology o f the a r e a i s e s s e n t i a l l y 
s i m p l e , c o n s i s t i n g of a s e r i e s of s e d i m e n t a r y r o c k s d i p p i n g 
s o u t h - e a s t w a r d s and r a n g i n g i n age from T r i a s s i c i n the 
l o w l a n d s to J u r a s s i c i n the u p l a n d s . Sediments of the p e r i o d s 
between t h e J u r a s s i c and the P l e i s t o c e n e a r e a b s e n t , h a v i n g 
been removed by p r o l o n g e d e r o s i o n . P l e i s t o c e n e d e p o s i t s , 
the r e s u l t s of the g l a c i a t i o n s and a s s o c i a t e d phenomena to 
w h i c h the a r e a was s u b j e c t e d d u r i n g t h i s p e r i o d a r e the most 
i m p o r t a n t element i n the p r e s e n t day l a n d s c a p e of the 
C l e v e l a n d P l a i n , but a r e a b s e n t from a l a r g e p r o p o r t i o n of 
the u p l a n d . Here, d e s p i t e d i s t i n c t s t r u c t u r a l forms, the 
l a n d s c a p e i s p r i m a r i l y a r e f l e c t i o n of the d i f f e r e n t i a l 
h a r d n e s s of the beds w h i c h make up the s u c c e s s i o n ( F i g u r e 2 ) , 
The N o r t h C l e v e l a n d Moors a r e composed of a c o n s i d e r a b l e 
t h i c k n e s s o f n e a r l y h o r i z o n t a l J u r a s s i c s t r a t a , and a r e capped 
I V / !*• V » ^ 
>^ 2 ± - I ^ 





by h a r d f l a g g y s a n d s t o n e s and i n t e r c a l a t e d s h a l e s of I n f e r i o r 
O o l i t e age*and E s t u a r i n e F o r m a t i o n . These r o c k s make t h e i r 
f i r s t appearance s o u t h of the Tees as the r e s i s t a n t c a p p i n g s 
of the E s t o n and Upleatham K i l l s . Along the main escarpment 
of the p l a t e a u mass, a c o n s p i c u o u s s h e l f i s o f t e n formed by 
the M i d d l e L i a s S a n d s t o n e s which a r e more r e s i s t a n t than the 
s h a l e s above and below them. The h i g h e s t g e o l o g i c a l f o r m a t i o n 
of the a r e a , the K e l l a w a y s Rock, a m a s s i v e sandstone of T'iddle 
O o l i t e age forms the c a p p i n g s of s e v e r a l k n o l l s such a s 
F r e e b r o u g h H i l l on f'oorsholm .^'oor and Brown M i l l on CoTrondale 
I.'oor, but the m a j o r i t y of the r a t h e r monotonous moorland 
l a n d s c a p e i s c o v e r e d by the o u t c r o p of the I'-Oor G r i t (Barrow, 
1 C 8 8 ) . 
G l a c i a l D r i f t o c c u r s w i d e l y betv/een the T e e s . E s t u a r y , 
and the s l o p e s of the upland to a h e i g h t of about 216 metres 
( 7 0 0 f e e t ) . Above t h i s , however, i t o c c u r s i n t h i n i s o l a t e d 
p a t c h e s , f o r example, a t 245 m e t r e s ( 8 ? 0 f e e t ) on S s t o n Ncib 
and a t 307 m e t r e s (1,000 f e e t ) on R o s e b e r r y Topping. 
E s k d a l e , and some of i t s t r i b u t a r i e s a r e f i l l e d to a 
c o n s i d e r a b l e depth w i t h g l a c i a l d e p o s i t s . 3 o l i f l u c t i o n 
d e p o s i t s a r e found m a n t l i n g s l o p e s and f i l l i n g d e p r e s s i o n s 
o v e r a wide a r e a , but R i v e r A l l u v i u m i s much r a r e r , the 
u p l a n d s t r e a m s a r e g e n e r a l l y too s h o r t and s w i f t f l o w i n g to 
have d e v e l o p e d a f l o o d p l a i n of any magnitude. P e a t o c c u r s 
i n s m a l l q u a n t i t y , u s u a l l y i n d e p r e s s i o n s which a r e o f t e n 
a t the base of the K e l l a w a y s Rock, T h e r e a r e no major a r e a s 
of b l a n k e t peat such a s e x i s t s on the c e n t r a l w a t e r s h e d s o u t h 
of the E s k , but the d a l e s c o n t a i n peat f i l l e d h o l l o w s where 
they a r e f l o o r e d w i t h o l a c i a l d e p o s i t s . 
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The C l e v e l a n d P l a i n has v e r y few o u t c r o p s of s o l i d r o c k , 
owing to the e x t e n s i v e d r i f t c o v e r . I n what few exposures 
t h e r e a r e , P e r m o - T r i a s s i c .*.'arls o v e r l a i n , by Bu n t e r Sandstone 
and Keuper I ' a r l c a n be seen, p a s s i n g upwards tov/ards the 
C l e v e l a n d T a s s i f i n t o the l o w e r L i a s f o r m a t i o n s . The d r i f t 
d e p o s i t s h e r e a r e of v a r i a b l e t h i c k n e s s , a t t a i n i n g over 30 
me t r e s ( 1 0 0 f e e t ) i n p l a c e s , and a r e m a i n l y composed of a 
r e d d i s h b o u l d e r c l a y o v e r l a i n by a b e l t of sands and g r a v e l s 
h a v i n g the form of a s e r i e s of p a r a l l e l a l i g n e d r i d g e s 
t r e n d i n g ENE - V7ST7. P a t c h e s of a b l u e l a c u s t r i n e c l a y a t a 
h e i g h t of around 90 metres ( 3 0 0 f e e t ) O.D. o c c u r i n some 
l o c a l i t i e s . S o l i f l u c t i o n d e p o s i t s a r e l e s s c o n s p i c u o u s than 
i n the u p l a n d s , though many h o l l o w s i n the d r i f t have i n f i l l i n g s 
of s t o n y c l a y , o f t e n o v e r l a i n by f a i r l y r e c e n t C o l l u v i u m . 
P e a t s and o t h e r o r g a n i c a c c u m u l a t i o n s a r e a l s o r e s t r i c t e d i n 
d i s t r i b u t i o n , m a i n l y b e i n g found i n h o l l o w s between mounds 
of outwash m a t e r i a l , l o c a l l y known a s ' C a r r s ' , as f o r 
example, a t Seamer C a r r s and Tanton C a r r s . T h e r e i s e v i d e n c e , 
i n i s o l a t e d remnants, t h a t a l a r g e a r e a of the p l a i n was 
c o v e r e d by swampy ground ( i n the f l a t a r e a between Seamer 
and H i l t o n , f o r e x a m p l e ) , but t h i s h a s now been removed by 
d r a i n a g e and c u l t i v a t i o n . H i v e r A l l u v i u m i s q u i t e e x t e n s i v e 
a l o n g the lower c o u r s e s of the s t r e a m s , p a r t i c u l a r l y , the 
Le v e n , w h i c h has a l s o become de e p l y i n c i s e d i n t o the d r i f t , 
the T r i a s s i c f o r m a t i o n being exposed i n s e v e r a l V c - l l e y s e c t i o n s . 
1.3 S t r u c t u r e 
The r e g i o n i s s t r u c t u r a l l y a s e r i e s of g e n t l y f o l d e d and 
l i t t l e f a u l t e d a n t i c l i n e s and s y n c l i n e s whicb c a n be d e t e c t e d 
i n the topography. 
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I n the u p l a n d s , the more important s t r u c t u r e s have t h e i r 
a x e s l y i n g a l i t t l e n o r t h of west and s o u t h of e a s t , the o t h e r s 
l y i n g r o u g h l y n o r t h and s o u t h , A major s y n c l i n e commences 
n e a r Lockwood Beck R e s e r v o i r and p a s s e s a c r o s s Moorsholm Moor, 
S c a l i n g Dam and Ugthorpe, dying out a t l / h i t b y where i t i s 
t r u n c a t e d by a f a u l t , a s i m i l a r f e a t u r e marking i t s w e s t e r n 
t e r m i n a t i o n a t Lockwood B e c k . I n t h i s s y n c l i n e o c c u r the 
h i g h e s t beds i n the g e o l o g i c a l s u c c e s s i o n of the d i s t r i c t , 
the K e l l a w a y s Rock b e i n g p r a c t i c a l l y c o n f i n e d to i t . A 
s m a l l e r s i m i l a r s t r u c t u r e c r o s s e s the h i g h e s t p a r t of the 
N o r t h C l e v e l a n d w a t e r s h e d , commencing a t White C r o s s on Danby 
Low Moor and t r a v e r s i n g Guisborough Moor, ending a t 
P i n c h i n g t h o r p e i n the w e s t . The E s k V a l l e y f o l l o w s the 
c o u r s e of a m a j o r s y n c l i n a l trough i n the s o u t h e r n p a r t o f 
the a r e a , w h i l e i n the n o r t h e r n boundary r e g i o n an a n t i c l i n e 
c a n be d e t e c t e d between Guisborough and the c o a s t , w i t h i t s 
n o r t h e r n l i m b b i s e c t e d by the e s c a r p m e n t . 
F a u l t i n g i s g e n e r a l l y l o c a l i s e d , and not of w i d e s p r e a d 
s i g n i f i c a n c e ; however, the U p s a i l F a u l t , w i t h a downthrow 
of 120 m e t r e s (400 f e e t ) to the n o r t h i s r e s p o n s i b l e f o r the 
s e p a r a t i o n of the E s t o n and Upleatham H i l l s , and the consequent 
d u p l i c a t i o n of the escarpment i n the Guisborough a r e a . 
( S m a i l e s , 1960) . 
The l o w l a n d s a l s o a r e c o m p r i s e d of a n t i c l i n a l and 
s y n c l i n a l forms which f i n d t h e i r e x p r e s s i o n i n the g e n e r a l 
d i p of a l l f o r m a t i o n s , e x c e p t i n g the O o l i t e s , a t a n g l e s of 
l e s s t h a n 5°, to the e a s t . T h i s c a u s e s the M i l l s t o n e G r i t 
and the P e r m i a n beds o u t c r o p p i n g to the west to p a s s 
g r a d u a l l y b e n e a t h the s e v e r a l members of the T r i a s and L i a s , 
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v/hich i n t h e i r t u r n p a s s under the s t e e p O o l i t i c escarpment. 
Major f a u l t s a r e a b s e n t , but the i n t r u s i v e C l e v e l a n d Dyke, 
composed of T h o l e i t e and t r e n d i n g N\y - S E a c r o s s the p l a i n 
from n e a r S t o c k t o n to K i l d a l e and i n t o E s k d a l e p r o v i d e s the 
o n l y e v i d e n c e of igneous a c t i v i t y i n the a r e a , p r o b a b l y of 
T e r t i a r y a g e . ( B a r r o w , 1 8 8 8 ) . 
1.4 P r e - Q u a t e r n a r v Landscape E v o l u t i o n 
The development of P r e - Q u a t e r n a r y , and g e n e r a l l y of 
P o s t - C r e t a c e o u s l a n d s c a p e s of the r e g i o n , have been t r a c e d 
by s e v e r a l i n v e s t i g a t o r s ; n o t a b l y Cowper Reed ( 1 9 0 1 ) , 
F a w c e t t ( 1 9 1 6 ) , V e r s e y ( 1 9 3 9 ) , P e e l and Palmer ( 1 9 5 5 ) , 
Henry (1956) and G r e g o r y ( 1 9 6 2 ) . The work of the l a t t e r 
stimmarises the p r e v i o u s r e s e a r c h and s u g g e s t s the f o l l o w i n g 
sequence o f e v e n t s : -
1. The emergence of the C r e t a c e o u s s e a f l o o r a s a s u r f a c e 
i n c l i n e d to the e a s t . 
2 . The i n i t i a t i o n and development on t h i s s u r f a c e o f a 
majo r e a s t w a r d f l o w i n g r i v e r , the P r o t o - E s k , 
3. The c a p t u r e of the Upper E s k , p r o b a b l y by the T e e s , 
and the i s o l a t i o n of the No r t h Y o r k s h i r e Moors a s a n 
" i s l a n d " , w i t h the f o r m a t i o n of an escarpment commencing, 
4. M i d - T e r t i a r y u p l i f t of the r e g i o n i n the form of a dome, 
w i t h d e f o r m a t i o n of the e a r l y T e r t i a r y s u r f a c e , and 
a c c e n t u a t i o n of the form of the moorland b l o c k , 
5. Major p l a n a t i o n f o r c e s , p r o d u c i n g a Summit s u r f a c e , o v e r 
308 m e t r e s (1,330') O.D., and a High Moor s u r f a c e 
355 - 395 m e t r e s (1,150 - 1,290') O.D., both now v e r y 
r e s t r i c t e d i n a r e a i n the south-west of the u p l a n d . 
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6, The p r o d u c t i o n of two p a r t i a l p e n e p l a i n s , the Low Moor 
s u r f a c e ( a ) 290 - 338 m e t r e s (950 - 1,100') and the Low 
Moor s u r f a c e ( b ) 235 - 283 m e t r e s (770 - 930') a s s o c i a t e d 
w i t h t h e s e were d r a i n a g e changes, m a i n l y r i v e r c a p t u r e s , 
r e s u l t i n g from s t r u c t u r a l a d a p t i o n and s c a r p r e c e s s i o n , 
w i t h t h e r e s u l t a n t e x t e n s i o n of the C l e v e l a n d P l a i n a t 
i t s f o o t . Low Moor s u r f a c e ( a ) can be seen on Guisborough 
and N o r t h I n g s Moor, m a i n l y developed on the Middle and 
Upper D e l t a i c s e r i e s . Low Moor s u r f a c e (b) i s the most 
e x t e n s i v e and w e l l d e v e l o p e d , e x t e n d i n g a c r o s s a number of 
o u t c r o p s i n the K e l l a w a y s , C o r n b r a s h and Middle and Upper 
D e l t a i c s . 
7, The C a l a b r i a n T r a n s g r e s s i o n a t the c l o s e of t h e T e r t i a r y 
p e r i o d , w i t h the f o r m a t i o n of a w e l l marked s t r a n d l i n e 
a t 210 m e t r e s (700') around the u p l a n d s , r e l a t e d to 
C a l a b r i a n s e a l e v e l s , accompanied by some dra i n a g e 
d i v e r s i o n s . 
1.5 The P l e i s t o c e n e P e r i o d 
The f i r s t m a j o r c o n t r i b u t i o n to P l e i s t o c e n e s t u d i e s i n 
the a r e a was by K e n d a l l ( 1 9 0 2 , - 1 9 0 3 ) . He was f i r s t a t t r a c t e d 
by the many d r y w a t e r c o u r s e s t r a v e r s i n g the uplands i n 
i n t r i c a t e p a t t e r n s . From t h e i r form and d i s t r i b u t i o n a system 
of p r o - g l a c i a l l a k e s and o v e r f l o w c h a n n e l s , w i t h a s s o c i a t e d 
s t r a n d l i n e s , d e l t a s and l a k e d e p o s i t s was e n v i s a g e d i n 
r e l a t i o n to the d r i f t l i m i t s . I c e was c o n s i d e r e d as s u r r o u n d i n g 
the u p l a n d m a s s i f i n the l a s t g l a c i a t i o n , and ex t e n d i n g i n t o 
E s k d a l e t o K i l d a l e on the west and L e a l h o l m on the e a s t . 
I n s i d e the r e m a i n i n g a r e a , which was i c e f r e e and took the 
form of a nunatak, d r a i n a g e was impounded and a s e r i e s of 
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l a k e s and o v e r f l o w s d e v e l o p e d , becoming o p e r a t i o n a l a t v a r i o u s 
h e i g h t s a s the i c e r e t r e a t e d n o r t h - e a s t w a r d s . Lake E s k d a l e , 
between two t e r m i n a l m o r a i n e s a t K i l d a l e and L e a l h o l m was the 
main w a t e r body i n North C l e v e l a n d , the d r a i n a g e of which 
was to the south i n t o Lake P i c k e r i n g , H i s i d e a s g a i n e d 
w i d e s p r e a d a c c l a i m , and l a t e r w o r k e r s s u g g e s t e d o n l y minor 
amendments to h i s i n t e r p r e t a t i o n s , E l g e e (1908) o f f e r e d some 
more e v i d e n c e c o n c e r n i n g the g l a c i a t i o n of North C l e v e l a n d , 
e q u a t i n g the outwash phenomena of the C l e v e l a n d P l a i n w i t h 
K e n d a l l ' s i d e a s f o r the u p l a n d s . The d i s t r i b u t i o n and 
sequence o f d r i f t d e p o s i t s was examined by B i s a t (1939) and 
Radge ( 1 9 3 9 ) , though t h e i r e v i d e n c e brought the s o l u t i o n of 
the e x t e n t and number of g l a c i a t i o n s i n t o not much c l e a r e r 
l i g h t . S i m i l a r l y , Gaynor and Melmore ( 1936a), w h i l e 
e s t a b l i s h i n g the p r e s e n c e of l a k e d e p o s i t s , and p o s t u l a t i n g 
the e x i s t e n c e of g l a c i a l l a k e s f e l t u n a b l e to o f f e r a 
c h r o n o l o g y f o r the l o w l a n d s , w i t h the e v i d e n c e a v a i l a b l e . 
Agar ( 1 9 5 4 ) , somewhat f o l l o w e d e a r l i e r i d e a s i n d e a l i n g 
w i t h the c h a r a c t e r i s t i c s of the g l a c i a l and P o s t - g l a c i a l 
d e p o s i t s o f the T e e s Lowlands, and i t was B e s t (1956) i n a 
paper on n o r t h - w e s t C l e v e l a n d g l a c i a l d r a i n a g e c h a n n e l s who 
s u g g e s t e d a f r e s h approach to the problem, While r e t a i n i n g 
the c o n v e n t i o n a l i n t e r p r e t a t i o n of o v e r f l o w c h a n n e l s , and 
the i c e l i m i t s of K e n d a l l , a more complex sequence of c h a n n e l s 
l e d B e s t t o invoke two g l a c i a t i o n s to account f o r t h e i r 
p r e s e n c e , 
S i s s o n s (1961) d e s c r i b e d the g l a c i a l landforms of the 
S t o n e g a t e V a l l e y i n e a s t e r n E s k d a l e and took them to i n d i c a t e 
the former p r e s e n c e of s t a g n a n t i c e t h e r e , d i f f e r i n g i n h i s 
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i n t e r p r e t a t i o n s from K e n d a l l , F o l l o w i n g t h i s , Gregory ( 1 9 6 2 ) , 
a s p a r t of a major s t u d y of the ge o m o r p h o l o g i c a l e v o l u t i o n 
of the a r e a , r e i n t e r p r e t e d the g l a c i a l h i s t o r y of the u p l a n d s , 
and o f f e r e d the f o l l o w i n g as the sequence of P l e i s t o c e n e 
e v o l u t i o n : -
(1) An e a r l y P l e i s t o c e n e g l a c i a t i o n , w i t h the p r o d u c t i o n of 
a s e r i e s of v a l l e y s t a g e s , b e f o r e , d u r i n g and a f t e r t h i s 
t i m e . The e v i d e n c e of t h i s i s l a c k i n g due to the removal 
of d r i f t d e p o s i t s and o t h e r m o d i f i c a t i o n s by subsequent 
g l a c i a t i o n s * 
( 2 ) A second g l a c i a t i o n , e q u a t e d v/i t h the W e i c h s e l i a n on the 
b a s i s of the e r r a t i c c o n t e n t and f r e s h form of the f e a t u r e s , 
d e s c r i b e d f i r s t by K e n d a l l , I n the l a s t g l a c i a t i o n , i c e 
ad v a n c e d i n t o the a r e a from w e s t , e a s t and n o r t h , w e l l 
beyond the l i m i t s proposed by K e n d a l l , f i l l i n g E s k d a l e 
and t o t a l l y c o v e r i n g the North C l e v e l a n d Moors. Some of 
of t h e g l a c i a l d r a i n a g e c h a n n e l s have 'hump' p r o f i l e s , 
t h e i r o p e r a t i n g h e i g h t s s u g g e s t i n g a s u b - g l a c i a l r a t h e r 
t h a n a s u b - a e r i a l o r i g i n . Some s u b - a e r i a l d r a i n a g e may 
have been impounded, r e s u l t i n g i n the d e p o s i t i o n of 
s c a t t e r e d l a m i n a t e d c l a y s , D e p o s i t i o n a l f e a t u r e s over 
the a r e a s u g g e s t a t o t a l c o v e r of i c e , w i t h a maximiam of 
advance ( p e r h a p s e q u i v a l e n t to the E s c r i c k stage i n the 
V a l e o f York) r e p r e s e n t e d by a moraine ne a r C a s t l e t o n i n 
the E s k V a l l e y . 
(3) D e g l a c i a t i o n , marked by a t h i n n i n g of the i c e and the 
emergence f i r s t , of the North C l e v e l a n d Moors and a 
nu n a t a k , j o i n i n g the i c e f r e e a r e a of the c e n t r a l w a t e r s h e d 
( w h i c h may have had neve f i e l d g , but not i c e , throughout 
the l a s t g l a c i a t i o n ) , The f i r s t i c e to become s t a g n a n t 
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was t h a t i n w e s t e r n E s k d a l e , w i t h the T i l d a l e moraine, 
d e p o s i t e d a t the margin of the a c t i v e i c e i n the V a l e of 
Y o r k , a r e c e s s i o n a l r a t h e r t h a n t e r m i n a l f e a t u r e . -Joon 
a f t e r v / a r d s , i c e i n e a s t e r n E s k d a l e became stagnant w i t h 
the L e a l h o l m moraine formed ( i n a s i m i l a r manner to the 
one a t K i l d a l e ) by the m a rgin of the coastp.l i c e . 3 o t h 
m o r a i n e s a r e perhaps the e q u i v a l e n t of the 'Yor:: s t a g e s ' 
i n the V a l e of Y ork. 
( 4 ) The f i n a l d i s a p p e a r a n c e of the s t a g n a n t i c e , w i t h 
m e l t w a t e r e s c a p i n g southwards i n e a s t e r n S s k d a l e , and 
w e s t e r n and c e n t r a l E s k d a l e w i t h a reduced volume of 
w a t e r and a v e n e e r of f l u v i o - g l a c i a l d e p o s i t s on the 
v a l l e y f l o o r . The d e p o s i t i o n of t h i s m a t e r i a l caused 
the a l t e r a t i o n i n c o u r s e of the R i v e r Leven when 
d r a i n a g e was resumed a f t e r degl.-.ciation. F o r m e r l y i t 
f lov/ecl e a s t w a r d s a s a headwater of the R i v e r E s k , but 
was d i v e r t e d westwards through T i l d a l e by a b a r r i e r of 
outwash, now c o n s t i t u t i n g the w a t e r s h e d between I ' i l d a l e 
and E s k d a l e . 
G r e g o r y d i d not e x t e n d h i s h y p o t h e s i s to the C l e v e l a n d 
P l a i n v/here the i d e a s of Gaynor and I'elmore ( 1936a), Rndge 
(1939) and Agar ( 1 9 6 4 ) , have been re-examined by Land 
( p e r s o n a l communication) and touched upon by F r a n c i s ( 1 9 7 0 ) . 
The e a r l y w o r k e r s a s s i g n e d the exposed d r i f t i n the 
l o w l a n d s to the T ' e i c h s e l i a n g l a c i a t i o n on the b a s i s of i t s 
e r r a t i c c o n t e n t , w i t h the v a s t m a j o r i t y of landforms 
d e p o s i t i o n a l and r e l a t e d to a q u i t e r a p i d r e t r e a t of the 
i c e from the n o r t h e r n end of the V a l e of York. At t h i s time 
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t h e y c o n t e n d , the a r e a was o c c u p i e d by a l a r g e voliime of 
m e l t w a t e r impounded be h i n d i c e which m e l t e d f o r a time w i t h 
i t s i n l a n d margin n e a r Seamer, n o r t h - w e s t of S t o k e s l e y . 
The v e n e e r of sands and g r a v e l s c o v e r i n g the t i l l and o f t e n 
forming marked r i d g e topography i n t h i s a r e a was r e g a r d e d a s 
r e s o r t e d outwash of a v e r y complex phase of i c e - r e t r e a t 
(Radge, 1939) . I n some p l a c e s a b o u l d e r c l a y capping to .the 
. sands and g r a v e l s s u g g e s t e d to E l g e e ( l 9 0 8 ) a readvance of 
the i c e to account f o r i t , but Radge (1939) f a v o u r e d a h a l t 
i n i c e r e t r e a t to e x p l a i n i t s p r e s e n c e . The f i n a l s t a g e s of 
d e g l a c i a t i o n were a s s o c i a t e d w i t h lake f o r m a t i o n . Lake Humber 
l a y to the s o u t h and was j o i n e d to Lake Weardale to the n o r t h 
by w a t e r i n the C l e v e l a n d P l a i n , h e l d up behind the s h r i n k i n g 
i c e - m a s s . Radge r e g a r d e d a h i g h l e v e l b l u e c l a y a t 90 m e t r e s 
(300 f e e t ) O.D. a s the d e p o s i t of t h i s l a k e , o c c u r r i n g o v e r 
a wide a r e a . The e x i s t e n c e of t h i s w a t e r body was s h o r t 
l i v e d , however, lowered by d r a i n a g e of the s o u t h e r n l a k e 
s y s t e m s w h i c h i t f e d , A low l e v e l b l u e - c l a y , found over a 
r e s t r i c t e d a r e a i n the T e e s B a s i n (Agar, 1954) , marks the 
p o s i t i o n of a s m a l l independent remnant of the l a r g e l a k e , 
when the i c e f r o n t was somewhere o f f the p o s i t i o n of the 
p r e s e n t mouth of the R i v e r T e e s , L a r g e amounts of m e l t w a t e r 
were d r a i n i n g away and k e t t l e h o l e s b e g i n n i n g to form i n the 
d r i f t as i c e b l o c k s thawed out and m e l t e d . The d r i f t was 
b e i n g c u t i n t o , and the d e e p l y i n c i s e d v a l l e y s of the p l a i n 
were formed, a t a time when p e r i g l a c i a l a c t i v i t y was i n t e n s e 
a l s o , 
F r a n c i s ( 1 9 7 0 ) , and Land ( p e r s o n a l communication) suggest 
t h a t a l l the t i l l s , c l a y s , sands and g r a v e l s of the a r e a a r e 
the d e p o s i t s of one g l a c i a t i o n d u r i n g the L a t e W e i c h s e l i a n . 
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Land r e g a r d s the rounded h i l l s between S t o k e s l e y , C r a t h o r n e , 
Yarrn and Ormesby as d r u m l i n s . The ITunter F i l l - Seam.er -
H i l t o n R i d g e , r e g a r d e d as a t e r m i n a l moraine by S l g e e , i s 
p l a c e d i n t h i s c a t e g o r y . r'e a l s o f i n d s no e v i d e n c e f o r 
Radge's 300 f o o t Seamer L a k e . T h e r e has been f o l d i n g of the 
sands around Seamer s i n c e d e p o s i t i o n and they have been c a r v e d 
i n t o d r u m l i n form w i t h the d e p o s i t i o n of the upper t i l l . The 
c l o s e d h o l l o w s a r e re g a r d e d a s e i t h e r i n t e r - d r u m l i n f e a t u r e s , 
or i n some c a s e s , k e t t l e h o l e s formed by i n s i t u m e l t i n g of 
b l o c k s of i c e . 
The r e c e n t e v i d e n c e of L a t e • i 7 e i c h s e l i a n readvance s t a g e s 
i n e a s t Y o r k s h i r e (Fenny, C a t t and Coope, 1969), perhaps suggest 
t h a t a s i m i l a r sequence of e v e n t s p r e v a i l e d i n C l e v e l a n d , but 
the a b s e n c e , a s y e t of i n t e r g l a c i a l and i n t e r s t a d i a l d e p o s i t s 
h e r e , makes d e l i m i t a t i o n of even major phases of a c t i v i t y 
i m p o s s i b l e . D r i f t l i m i t s a r e sximinarised i n F i g u r e 2 ( a f t e r 
Barrow, 1888, and Gr e g o r y , 1 9 6 2 ) . 
1.6 C l i m a t e 
The r e g i o n a l c l i m a t e of C l e v e l a n d i s m o d i f i e d to a 
c o n s i d e r a b l e e x t e n t by l o c a l t o p o g raphic and maritime f e a t u r e s , 
s uperimposed upon the l a r g e r s c r l e p r e s s u r e systems of the 
Eu r o p e a n land mass and the A t l a n t i c Ocean. As w i t h the o t h e r 
a s p e c t s of the environment, two c l i m a t i c p r o v i n c e s c a n be 
d i s t i n g u i s h e d , eacJ: w i t h c h a r a c t e r i s t i c components. ."IJetailed 
i n f o r m a t i o n on l o c a l c l i m a t e s i s , hov/ever, alir.ost e n t i r e l y 
l a c k i n g . The North C l e v e l a n d I'oors a r e e n c i r c l e d by the 
762 mm. (30") i s o h y e t , w i t h no a r e a r e c e i v i n g over 1016 mm. 
(40 " ) p e r annum. The main e f f e c t of the e l e v a t e d p l a t e a u i s 
i t s f u n c t i o n as a b a r r i e r f o r weather coming o f f the North Sea, 
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p a r t i c u l a r l y i n w i n t e r , when P o l a r C o n t i n e n t a l a i r masses 
g i v e c o n s i d e r a b l e s n o w f a l l o v e r h i g h ground. Guisborough 
Hoor, 889 mm. ( 3 5 " ) per annxim, has the maximum p r e c i p i t a t i o n 
of the u p l a n d , w i t h the m a j o r i t y f a l l i n g as heavy w i n t e r 
showers, ^'ar more n o t i c e a b l e as an u p l a n d c l i m a t i c f a c t o r i s 
wind. The e l e v a t e d , exposed and t r e e l e s s n a t u r e of the moors, 
t o g e t h e r w i t h the " f u n n e l i n g " e f f e c t of t h e d a l e s , nalce i t s 
e f f e c t s more marked, and s u r e l y , alv/ays a major c l i T a t i c 
i n f l u e n c e . The w i n t e r months a r e c h a r a c t e r i s e d by a b i t t e r l y 
c o l d e a s t e r l y a i r s t r e a m , w h i l e i n s p r i n g and e a r l y sur.->rer, the 
same w i n d s , coming o f f the s e a , produce the 'ITaar', a lov/ 
f o r m l e s s c l o u d , accompanied by poor v i s i b i l i t y and d r i z z l i n g 
r a i n ( E y r e , 1959 , S m a i l e s , 1960, House and T u l l e r t o n , 1960), 
T emperature v a l u e s i n d i c a t e t h a t the warmest months on 
the moorland a r e a l l below 15°C (59° F ) , w i t h c o l d w i n t e r s , 
mean 3.9°C (39° F ) , or l e s s . The i n c i d e n c e of s p r i n g , 
and c o n s e q u e n t l y the growing s e a s o n (and i t s a s s o c i a t e d 
e f f e c t s ) , a r e d e l a y e d , t h e r e f o r e . 
The C l e v e l a n d P l a i n i s i s o l a t e d from marine i n f l u e n c e s . 
B oth to west and e a s t l i e uplands t a k i n g the b r u n t of the 
bad w e a t h e r . I t i s o n l y from the n o r t h and the south, along 
the l o w l a n d c o r r i d o r , t h a t r e l a t i v e l y u n d i s t u r b e d a i r masses 
c a n p e n e t r a t e the a r e a . The c l i m a t e i s t y p i c a l of an e a s t e r n 
E n g l a n d c o a s t a l lowland, w i t h a low a n nual p r e c i p i t a t i o n of 
v a r i a b l e i n c i d e n c e , but w i t h a tendency towards a summer 
maximvim. A v a i l a b l e d a t a g i v e s an a verage of l e s s than 
635 mm, ( 2 5 " ) p e r annum over the a r e a , some s t a t i o n s r e c o r d i n g 
under 608 rnn. (20") p e r annum and o t h e r s 635 - 762 mm, 
(25 - 3 0 " ) . The d r i e s t zone i s i n the c e n t r e of the lowland 
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w i t h a p r o g r e s s i v e i n c r e a s e i n r a i n f a l l t o t a l s west and e a s t 
towards t h e u p l a n d s , owing to the r e i n v i g o r a t i o n of f r o n t a l 
s ystems and r e s u l t a n t s l i g h t i n s t a b i l i t y of a i r masses w i t h 
i n c r e a s i n g a l t i t u d e . The m a j o r i t y of r a i n f a l l i s of a 
c o n v e c t i o n a l t y p e , o c c u r r i n g between J u l y and October; w i t h 
e v a p o r a t i o n r a t e s a t a h i g h l e v e l and a poor P/E r a t i o . 
At t h i s time the a r e a s u f f e r s v/ater d e f i c i t s i n the m a j o r i t y 
of y e a r s , W i n t e r r a i n f a l l i s , however, s u f f i c i e n t to p r o v i d e 
r e p l e n i s h m e n t f o r the w a t e r t a b l e e n a b l i n g p l a n t growth to 
commence i n e a r l y s p r i n g . Snow can be e x p e c t e d i n the j p l a i n 
on about 20 days a y e a r , i n c r e a s i n g by one day f o r e v e r y 
15 m e t r e s ( 5 0') r i s e i n a l t i t u d e o y e r 60 metres ( 2 0 0 ' ) , 
Winds a r e much l e s s s e v e r e , both i n speed and f r e q u e n c y , but 
a r e s t i l l e a s t e r l i e s m a i n l y . Temperatures a r e a few degrees 
h i g h e r t h a n i n the u p l a n d , but do not exc e e d 15.6° C (60° F) 
i n summer and 5.6° C (42° F ) i n w i n t e r . The i n c i d e n c e of 
f r o s t h o l l o w s , e s p e c i a l l y a t the f o o t of the escarpment where 
c o l d a i r s i n k s from the p l a t e a u and d i s p l a c e s the warmer a i r 
of lower l e v e l s , i s an impo r t a n t f e a t u r e of the lowland 
c l i m a t e . The 35 week growing s e a s o n i s about 2 weeks more 
t h a n c a n be n o r m a l l y e x p e c t e d a t the h i g h e r a l t i t u d e s . 
O v e r a l l , a l t i t u d e , a s p e c t and p l a n t c o v e r ("or the l a c k 
of i t ) , s e r v e to d e l i m i t two q u i t e d i s t i n c t c l i m a t i c r e g i o n s 
a t p r e s e n t . T h e r e c a n be no doubt t h a t some, i f not a l l 
t h e s e f a c t o r s , have p l a y e d an impo r t a n t p a r t i n landscape 
e v o l u t i o n , t o g e t h e r w i t h the changing c l i m a t i c elements of 
the p a s t . 
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1.7 S o i l s 
No complete s u r v e y of the s o i l s of the a r e a has y e t been 
made. D e t a i l e d p e d o l o g i c a l s t u d i e s i n w i d e l y s e p a r a t e d 
l o c a l i t i e s , such a s t'ose of J a c k s (1<)32), Di.-Pbleby ( 1952, 1962), 
Anderson ( 1 9 5 8 ) , and C u r t i s ( u n p u b l i s h e d ) have p r o v i d e d 
i n f o r m a t i o n on s o i l morphology, w h i l e Crompton (1961) has 
a t t e m p t e d a r e v i e w of the major s o i l groups of the whole a r e a . 
The d u a l d i v i s i o n of the l a n d s c a p e i s a g a i n a p p l i c a b l e , 
the s o l i d s e d i m e n t a r y r o c k s of the u p l a n d , of l i m i t e d range 
a s s o i l p a r e n t m a t e r i a l , c a n be c o n t r a s t e d w i t h the d r i f t 
c o v e r e d l o w l a n d of r e a s o n a b l e s o i l forming p o t e n t i a l . The 
t h r e s h o l d f o r marked changes i n s o i l p r o f i l e s owing to 
e n v i r o n m e n t a l i n f l u e n c e s i n the r e g i o n seems to be around 
210 m e t r e s (700') O.D. Above t h i s a l t i t u d e , a s a r e s u l t of 
i n c r e a s e d p r e c i p i t a t i o n , the h e a v i e r s o i l s on the f l a t t e r 
s i t e s a r e p o o r l y d r a i n e d , l e a d i n g to the b u i l d up of a p e a t y 
t o p - s o i l and the development of peaty-gle.yed p o d s o l s , w i t h 
i n the w e t t e s t a r e a s , the a c c u m u l a t i o n of deep p e a t , e s p e c i a l l y 
i n h o l l o w s , u s u a l l y of l i m i t e d a r e a l e x t e n t . 
The s o i l p r o f i l e common to v i r t u a l l y a l l a r e a s of the 
N o rth C l e v e l a n d Moors where o o l i t i c s a n d s t o n e s and g r i t s 
make up the major p a r e n t m a t e r i a l , c o n s i s t s of :-
^1 0 - 10 cm. B l a c k decomposed p e a t , matted w i t h C a l l u n a r o o t l e t s . 
^2 10 - 20 cm. L i g h t g r e y sand w i t h o c c a s i o n a l p e b b l e s . 
^h 20 - 22 cm. B l a c k humic sand w i t h some decomposing r o o t s . 
^1 22 - 23 cm. Brown, i n d u r a t e d i r o n pan. 
^2 23 - 35 cm. Compact reddish-brown sand w i t h a l a m i n a r s t r u c t u r e . 
C 35 - 50 cm. Y e l l o w i s h sand w i t h a n g u l a r rock f r a g m e n t s . 
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T h i s i s the major s o i l type of the u p l a n d , and i s a 
t h i n iron-humus p o d s o l . The peat i s u s u a l l y w e l l decomposed 
and v e r y a c i d , g i v i n g a pH r e a d i n g of between 3 and 4, thus 
p l a c i n g f a i r l y narrow l i m i t s on the type of p l a n t community 
w h i c h c a n e x i s t w i t h i t a s a s u b s t r a t e , C a l l u n a i s o f t e n the 
o n l y p l a n t growing upon i t , sometimes w i t h an admixture of 
moorland g r a s s e s . P e a t t h i c k n e s s e s c a n v a r y owing to m i c r o -
topography, but t h e r e a r e no l a r g e expanses of b l a n k e t peat 
on the N o r t h C l e v e l a n d Moors. The main c o n t r o l of p e a t depth 
h e r e seems to be f i t i n g , which d e s t r o y s an a l r e a d y p o o r l y 
v e r t i c a l l y d e v e l o p e d c o v e r , r e d u c i n g the water h o l d i n g c a p a c i t y 
of what r e m a i n s and a l l o w i n g v e g e t a t i o n w i t h g r e a t e r water 
r e q u i r e m e n t s to d e v e l o p , w h i c h g i v e s way to C a l l u n a a g a i n 
a s soon a s the e f f e c t s of b u r n i n g d i s a p p e a r . The sandy 
h o r i z o n i s the r e s u l t of l e a c h i n g by humic a c i d s o l u t i o n s 
p e r c o l a t i n g from the o v e r l y i n g peat c o v e r . I n s p i t e of the 
low r a i n f a l l and the consequent p o o r l y developed peat l a y e r , 
t h i s e s s e n t i a l p o d s o l i s a t i o n p r o c e s s i s v e r y e f f e c t i v e . 
T h i s l a y e r i s o f t e n found a t the s u r f a c e , p a r t i c u l a r l y i n 
a r e a s where b u r n i n g and subsequent e r o s i o n by water and 
wind have removed the g e g e t a t i o n cover and the p e a t . 
At the base of the sandy h o r i z o n , a s l i g h t d arkening i s 
i n d i c a t i v e of o r g a n i c m a t t e r a c c u m u l a t i o n which has been moved 
down from above. I t a l s o c o n t a i n s d e c a y i n g r o o t s whose p r o g r e s s 
downward h a s been h a l t e d by the next h o r i z o n the i r o n pan. 
T h i s i s an i n d u r a t e d l a y e r about 1 cm t h i c k , n o r m a l l y b e i n g 
l e v e l and unbroken over wide a r e a s , a t a p p r o x i m a t e l y the same 
s u b - s u r f a c e depth, sometimes becoming wavy, broken and n e a r e r 
the s u r f a c e . Both t y p e s a r e found, the f i r s t i n s t a n c e s i g n i f i e s 
mature p o d s o l i s a t i o n , the l a t t e r an e a r l y s t a g e or i n c i p i e n t 
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e v o l u t i o n . The p r e s e n c e of a pan i s a b a r r i e r to v e r t i c a l 
movement of water and r o o t s , and i t l i m i t s the development 
of a t h i c k s o i l p r o f i l e by i s o l a t i n g a l l below i t from the 
main s o i l forming p r o c e s s e s . W a t e r l o g g i n g i s caused and 
r u n o f f o c c u r s , accompanied by e r o s i o n of the upper h o r i z o n s 
w h i c h become r e d e p o s i t e d i n h o l l o w s a s p e a t y sand, o f t e n 
s t r a t i f i e d . ( C u r t i s , u n p u b l i s h e d ) . C o n v e r s e l y , i n dry 
c o n d i t i o n s , i t r e s t r i c t s the upward movement of m o i s t u r e , 
and the exposed s u r f a c e peat d r i e s , c r a c k s and blows. Below 
the pan i s the remainder of the i l l u v i a l h o r i z o n , l i g h t e r i n 
c o l o u r and a l e s s c o n c e n t r a t e d zone of d e p o s i t i o n than i t . 
The b e d r o c k i s g e n e r a l l y tough and s i l i c e o u s , , impermeable 
and l a c k i n g n u t r i e n t s , not a good p a r e n t m a t e r i a l f o r s o i l 
f o r m a t i o n . 
Moorland h y d r o l o g y i s c l o s e l y r e l a t e d to the d i f f e r i n g 
p e r m e a b i l i t i e s of s o i l h o r i z o n s . P e a t and i t s s u p p o r t i n g 
v e g e t a t i o n a r e good water h o l d e r s , m o i s t u r e which does 
p e n e t r a t e going through the A h o r i z o n as f a r a s the pan, and 
then l a t e r a l l y . S i n c e the pan o c c u r s a t a f a i r l y c o n s t a n t 
d e pth, d r a i n a g e tends to f o l l o w the moorland c o n t o u r s , unimpeded 
where t h e r e a r e s l o p e s , b u t a c c u m u l a t i n g i n h o l l o w s . 
At a s l i g h t l y lower a l t i t u d e , i n the moorland v a l l e y s 
f l o o r e d m a i n l y by L i a s s i c S h a l e s and G l a c i a l D e p o s i t s , t h e r e 
i s l e s s t e n d e n c y f o r o r g a n i c m a t t e r to accumulate at the s u r f a c e . 
The more b a s i c p a r e n t m a t e r i a l , lower r a i n f a l l and b e t t e r d r a i n a g e 
g i v e q u i t e good brown e a r t h s o i l s w i t h w e l l i n c o r p o r a t e d humus. 
Some g l e y i n g o c c u r s i n i m p e r f e c t l y d r a i n e d l o c a l i t i e s , but 
p e a t i s l i m i t e d to i s o l a t e d h o l l o w s i n the d r i f t of K i l d a l e 
and E s k d a l e . 
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The C l e v e l a n d P l a i n has a s i t s dominant p a r e n t m a t e r i a l , 
g l a c i a l d r i f t of mixed o r i g i n , but m a i n l y sandy b o u l d e r c l a y s 
w i t h s p r e a d s of sand and g r a v e l and l a c u s t r i n e c l a y , p r o v i d i n g 
a q u i t e good s u b s t r a t e f o r s o i l development. The bo u l d e r 
c l a y s were o r i g i n a l l y q u i t e c a l c a r e o u s throughout, but a r e 
now l e a c h e d to a depth of a metre o r more. 
A t y p i c a l s o i l p r o f i l e i n the a r e a showed:-
0 - 30 cm. Dark brown sandy loam 
30 - 60 cm. Brown c l a y e y loam 
60 - 100 cm. L i g h t e r brown sandy c l a y 
100 cm. + S t i f f r e d d i s h - b r o w n b o u l d e r c l a y 
A g e n e r a l t r a n s l o c a t i o n of c l a y down the p r o f i l e has r e s u l t e d 
i n a c l a y e n r i c h e d s u b - s o i l . The lowland s o i l s a r e g e n e r a l l y 
w e l l - d r a i n e d , p a r t i c u l a r l y on the hummocky d r i f t , but q u i t e 
e x t e n s i v e a r e a s between hummocky d e p o s i t s a r e o f t e n p o o r l y 
d r a i n e d , and o c c a s i o n a l l y c o n t a i n g r e a t depths of o r g a n i c 
m a t e r i a l . Many such a r e a s i n vAiat is now almost e x c l u s i v e l y 
good q u a l i t y a g r i c u l t u r a l l a n d , have been r e c l a i m e d , d r a i n e d 
and c u l t i v a t e d . The q u i t e e x t e n s i v e s p r e a d s of r i v e r 
a l l u v i u m i n the lo w l a n d s g i v e f r e e l y d r a i n e d sandy or s i l t y 
loams w h i c h make good a r a b l e l a j i d i f they a r e not s u b j e c t to 
f l o o d i n g , 
J a c k s (1935) s u g g e s t e d t h a t the s o i l s of the a r e a were 
r e p r e s e n t a t i v e s of t h o s e w h i c h had a l w a y s e x i s t e d t h e r e . 
The brown e a r t h of the lowl a n d s had i n the p a s t , and s t i l l 
i n p l a c e s , s u p p o r t e d a dec i d u o u s f o r e s t c o v e r ; the podsol of 
the u p l a n d s showed t h a t f o r e s t s of t h i s type had not e x i s t e d 
t h e r e , w i t h no e v i d e n c e of d e g e n e r a t i o n from a brown e a r t h 
s o i l to a p o d s o l p r e s e n t . T h i s s u p p o r t e d the e a r l i e r v i e w s 
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of E l g e e (1912) t h a t the m a j o r i t y of the h i g h e r moorland 
had a l w a y s c a r r i e d a h e a t h v e g e t a t i o n . Dimbleby (1952, 1962), 
by c o m p a r a t i v e e v i d e n c e w i t h f o s s i l s o i l s under a r c h a e o l o g i c a l 
s i t e s , and e x a m i n a t i o n of t h e i r p o l l e n c o n t e n t , c h a l l e n g e d 
t h e s e v i e w s , c o n c l u d i n g t h a t i n the P o s t - g l a c i a l p e r i o d , 
p o d s o l i s a t i o n s h o u l d have developed n a t u r a l l y on the uplands 
by A t l a n t i c t i m e s , but t h a t t h i s , i n f a c t , was not always the 
c a s e . At t h i s t i m e , a mixed deciduous f o r e s t , r a t h e r than 
h e a t h , was t h e i r dominant v e g e t a t i o n c o v e r , and a l t h o u g h 
p o d s o l i s a t i o n must have o c c u r r e d i n some l o c a l i t i e s , i t was 
not u n t i l B r o n z e Age time t h a t i t became r e a l l y e f f e c t i v e . 
From t h e n onwards, brown f o r e s t s o i l s and o t h e r s , i n c l u d i n g 
p e a t y - g l e y e d p o d s o l s , became s u b j e c t e d t o i n t e n s i v e p o d s o l i s a t i o n 
as a r e s u l t of man's " a s s a u l t " on the l a n d s c a p e . I t was 
accompanied by the d i s t u r b a n c e of the upper s o i l h o r i z o n s , 
e s p e c i a l l y by f o r e s t c l e a r a n c e and by c u l t i v a t i o n . The 
p r e s e n c e o f p o d s o l s today a r e l a r g e l y the r e s u l t of t h i s 
a n t h r o p o g e n i c p r o c e s s , which h a s c o n t i n u e d i n v a r i o u s ways 
u n t i l the p r e s e n t , when many i n s t a n c e s of s o i l e r o s i o n can 
a l s o be found on the N orth C l e v e l a n d Moors. 
1.8 V e g e t a t i o n 
The f i r s t o r d e r e d a c c o u n t of the v e g e t a t i o n of C l e v e l a n d 
was g i v e n by B a k e r ( l 8 6 3 ) i n 'North Y o r k s h i r e . S t u d i e s i n . i t s 
B otany, G e o l o g y . C l i m a t e and P h y s i c a l Geography'. The 
r e l a t i o n s h i p s between p l a n t l i f e , g e o logy and c l i m a t e were 
t r a c e d , w i t h Smith ( 1 9 0 9 ) , p r o v i d i n g a s i m i l a r account of 
the v e g e t a t i o n t y p e s a s s o c i a t e d w i t h p a r t i c u l a r g e o l o g i c a l 
f o r m a t i o n s . I n T a n s l e y ' s 'Types of B r i t i s h V e g e t a t i o n ' ( 1 9 1 1 ) , 
the same a u t h o r gave a d e s c r i p t i o n and a c l a s s i f i c a t i o n o f ' t h e 
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d i s t r i c t ' s h e a t h l a n d s . E l g e e (1912,1914) a s p a r t of a major 
a n a l y s i s o f the n a t u r a l h i s t o r y and o r i g i n of the moorlands, 
adopted a t o p o g r a p h i c a l c l a s s i f i c a t i o n of t h e i r v e g e t a t i o n 
t y p e s . T h i s h a s remained the o n l y o v e r a l l , d e t a i l e d s t u d y 
of the r e g i o n , and as the p r e s e n t r e s e a r c h was not i n t e n d e d 
to i n c l u d e an a n a l y s i s of the contemporary f l o r a , i t has 
p r o v i d e d the b a s i s f o r the account g i v e n below. T a n s l e y (1939) 
drew upon the work of both Smith and E l g e e i n h i s account 
of the v e g e t a t i o n of C l e v e l a n d . 
The v e g e t a t i o n of the N o r t h C l e v e l a n d Moors may be 
c l a s s i f i e d under f o u r broad groups:- (1) The Heath F o r m a t i o n , 
( 2 ) The S l o p e V e g e t a t i o n , (3) The S l a c k V e g e t a t i o n , and 
(4) Bog V e g e t a t i o n . 
( 1 ) H e a t h l a n d 
The m a j o r i t y of the u p l a n d s a r e dominated on t h e i r 
p l a t e a u a r e a s by a h e a t h f o r m a t i o n , w i t h C a l l u n a the main 
c o n s t i t u e n t of the v e g e t a t i o n ; v a r i a t i o n s i n type of h e a t h 
b e i n g c a u s e d by the form of the C a l l u n a , and the p r e s e n c e of 
o t h e r p l a n t s p e c i e s . 
On the d r i e s t a r e a s w i t h sandy and s t o n y s o i l s and a 
minimum of p e a t y humus (under 15 cm), a p a r t from C a l l u n a . the 
f o l l o v / i n g a r e the most c h a r a c t e r i s t i c a s s o c i a t e s of what was 
termed by E l g e e ( 1 9 1 2 ) , " T h i n Moor " - Empetrum nigrum. E r i c a 
c i n e r e a , V a c c i n i u m m y r t i l l u s , P o t e n t i l l a e r e c t a , Hypnum 
c u p r e s s i f o r m e ( v a r . eCTcetorum) and C l a d o n i a 
Sometimes the C a l l u n a has a dwarfed and downy l i f e - f o r m , as 
f o r exsimple, on the K e l l a w a y s Rock of the moorland between 
Commondale and Danby. T h i s may be a r e s p o n s e to the v e r y dry 
s o i l c o n d i t i o n s and the south f a c i n g a s p e c t (one of the few 
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i n the r e g i o n ) , g i v i n g exposure to the sun and h i g h e v a p o r a t i o n 
r a t e s . On s l i g h t i n c l i n a t i o n s , e s p e c i a l l y where burnin g has 
t a k e n p l a c e , V a c c i n i u i a m y r t i l l u s becomes abundant, and S r i c a 
t e t r a l i x i s o f t e n sub-dominant on s l i g h t l y damper a r e a s of 
s i m i l a r a s s o c i a t i o n . 
Some moorland a r e a s have danper environments o v e r a l l , 
w i t h t h r e e t y p e s d i s t i n g u i s h a b l e : - ( a ) C a l l u n a - I T a r d u s moor, 
found a t the p l a t e a u edge vn e r e the boundary f a l l s c,way i n 
g e n t l e i n c l i n a t i o n s , and a l s o i n l a n d i n some l o c a l i t i e s , f o r 
example, on p a r t s of Oanby Lov/ l-oor. C a l l una i s i n t e r s p e r s e d 
w i t h t u s s o c k s of Nardus, E r i c a t e t r a l i x , Juncus s q u a r r o s u s , 
and C l a d o n i a spp. grov/ing on a s l i g h t l y more humic podsol 
than t h a t of the K e l l a w a y s Hock, (b) Trichophorurr. c a e s n i t o s u m 
moor, l o c a l i s e d , a t b a d l y d r a i n e d s i t e s on a bedrock of 
c l a y e y s h a l e . The humus i s s t i l l s.':allow but w e t t e r , w i t h 
T r i c h o phorum and E r i c a t e t r e . l _ i x co-oominant, Sriophorum 
v a g i n a turn, ! ^ o l i n i a c a e r u l e a , Juncus s q u a r r o s u s a.nd J u n c u s 
c o n g l o m e r a t u s sub-dominant, ( c ) An i n t e r m e d i a t e type between 
(a ) and (b) w i t h " r i c a t e t r a l i x as the c h i e f s p e c i e s , f o l l o w e d 
by Nardus, Trichophorum and Eriophorum vaginaturn. 
The moorland h a v i n g a t h i n c o v e r of g l a c i a l d r i f t has a 
s l i g h t l y d i f f e r e n t f l o r i s t i c c o m p o s i t i o n w i t h ^o l i n i e. __c ae r u 1 e a 
occurfiJng f r e q u e n t l y among the C a l l u n a , becoming dominant i n 
a few l o c a l i t i e s , but n e v e r o v e r wide a r e a s . 
A v e r y d i s t i n c t p l a n t a s s o c i a t i o n i s found on burnt 
moorland, or i n l o c a l t e r m i n o l o g y , "swiddens". The C l e v e l a n d 
moors a r e f i r e d r e g u l a r l y a t i n t e r v a l s of s e v e r a l y e a r s , and 
the v e g e t a t i o n e x i s t i n g on b u r n t a r e a s a t any t i n e i s a 
f u n c t i o n of a number of f a c t o r s . The n a t u r e of the s o i l . 
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the p l a n t a s s o c i a t i o n s p r e s e n t i n i t i a l l y , the e f f e c t s of 
bur n i n g and the p o s i t i o n v/ith r e g a r d to s l o p e and d r a i n a g e 
a r e i m p o r t a n t . T h e r e f i r e p a s s e s over h e a t h e r v/i th the 
wind b e h i n d i t , the p l a n t s come a g a i n much e a r l i e r than i f 
b u r n i n g h a s been a g a i n s t the wind, when a p l a n t nay be 
c o m p l e t e l y d e s t r o y e d , and r e s e e d i n g of the a r e a n e c e s s a r y . 
The f i r s t s p e c i e s to appear on a w e l l b u r n t moor a r e u s u a l l y 
l i c h e n s , l i v e r w o r t s and mosses. C l a d o n i a spp. c o v e r s l a r g e 
a r e a s , and the p r i n c i p a l l i v e r w o r t under sucl> c o n d i t i o n s i s 
L o p h o z i a i n f l a t a . Sphagnum papi11osum d e v e l o p s i n camper 
h a b i t a t s , and P o h l i a n u t a n s i s a l s o abundant, w i t h , a t a l a t e r 
s t a g e P o l y t r i c h u m commune and Ce r a t o d o n purpurcus f r e q u e n t l y 
found. The s u c c e s s i o n to h i g h e r p l a n t s i s c u i t e r a p i d v.-ith 
Ca11una, V a c c i n i u m m y r t i l l u s , P o t e n t i l l a e r e c t a . Juncus 
s q u a r r o s u s and A g r o s t i s c a n i n a a p p e a r i n g . Polytrich.um being 
the o n l y r e m a i n i n g moss. O c c a s i o n a l l y , sr/ard composed of 
A g r o s t i s c a n i n a , . l i r a p r a e c o x and F e s t u c a o v i n a o v e r s p r e a d 
b u r n t a r e a s , w h i l e , i f i t i s v e r y d r y E r i c a c i n e r e a becomes 
dominant. I n some swiddens- Eaipetrur. nigru-n c m be found 
i n t e r s p e r s e d w i t h l a r g e s p r e a d s of Humex a c e t o s e l l a . 
(2) S l o p e V e g e t a t i o n 
S l o p e s i n North C l e v e l a n d u s u a l l y form the s i d e s of the 
d a l e s and t h e i r t r i b u t a r i e s , but a l s o i n c l u d e the escarpment 
and i t s f o o t h i l l s , t h e r e f o r e b e i n g i n some ways t r a n s i t i o n a l 
to the lowla n d v e g e t a t i o n of the C l e v e l a n d F l ? . i n . S l o p e s here 
v a r y much i n a l t i t u d e , s t e e p n e s s , form and d i r e c t i o n , a l l of 
w h i c h e x e r t an i n f l u e n c e on the v e g e t a t i o n and amount of 
c u l t i v a t e d l a n d t h a t they b e a r . I n some d a l e s , the sic'es ere 
r e c l a i m e d almost to the moor edge, i n o t h e r s f i e l d s e x tend 
o n l y h a l f way up the s l o p e . V a r y i n g l i t h o l o g i e s and c o l l u v i a l 
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downwash produce d i f f e r i n g s o i l types and p l a n t communities 
on d i f f e r e n t s l o p e f a c e t s . The s u c c e s s i o n c a n range from 
C a l l u n a , on the upper p a r t s , through i n t e r m e d i a t e types to 
mature Q u e r e u s - B e t u l a woodland a t lower l e v e l s . P erhaps the 
most c h a r a c t e r i s t i c s l o p e s p e c i e s i s P t e r i d i u m a q u i l i n u m , 
dominant o v e r l a r g e a r e a s w i t h o f t e n o n l y a few g r a s s e s , a 
l i t t l e V a c c i n i u m and some P o l y t r i c h t i m growing beneath i t s 
shade. A more open growth e n a b l e s A g r o s t i s c a n i n a . F e s t u c a 
o v i n a and U l e x spp. to form an u n d e r s t o r e y ; and another common 
a s s o c i a t i o n i s mixed C a l l u n a / P t e r i d i u m w i t h moorland g r a s s e s 
and V a c c i n i u m m y r t i l l u s o r V a c c i n i u m v i t i s - i d a e a . The 
escarpment p r o p e r shows w e l l marked v e g e t a t i o n a l z o n a t i o n . 
Below the C a l l u n a moor of the summit l e v e l i s a band of 
V a c c i n i u m m y r t i l l u s . c o r r e s p o n d i n g to the o u t c r o p of 
E s t u a r i n e S a n d s t o n e s , F o l l o w i n g t h i s i s Pt_eridium, c o v e r i n g 
the Upper L i a s s i c S h a l e s , w h i l e the lower s l o p e s , i f u n r e c l a i m e d , 
show masses of U l e x europaeus w i t h g r a s s y i n t e r s p a c e s , and i f 
t h e r e i s a f l a t t i s h , wet s l o p e foot, J u n c u s p r e v a i l s . 
The s l o p e v e g e t a t i o n , i n c o n t r a s t to the moorland p l a t e a u , 
c o n t a i n s a t r e e and shrub component, a l b e i t s m a l l . E l g e e 
m a i n t a i n e d t h a t the p r e s e n c e of b r a c k e n i n d i c a t e d the former 
p r e s e n c e of t r e e s and s h r u b s , a v a r i e t y of which s t i l l c an be 
found on s l o p e s i n the a r e a . The p r i n c i p a l t r e e s p e c i e s a r e 
Quercus p e t r a e a , B e t u l a v e r r u c o s a , F r a x i n u s e x c e l s i o r . 
A l n u s g l u t i n o s a and P i n u s s y l v e s t r i s . w h i l e Sorbus a u c u p a r i a 
C r a t a e g u s monogyna and I l e x a q u i f o l i u m dominate the shrub 
components. Quercus and B e t u l a o f t e n form fragmentary 
woodland, w i t h Sorbus and C r a t a e g u s f r e q u e n t but not i n 
c o n t i n u o u s s t a n d s . P i n u s s y l v e s t r i s i s p l a n t e d , and would 
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seed w e l l i n open moorland i f d e s t r u c t i o n by b u r n i n g and 
g r a z i n g c o u l d be a v o i d e d . The moorland c o n t a i n s s n a i l 
v a l l e y s o r " g i l l s " , headwaters of the d a l e s , h e r e u e r c u s , 
B e t u l a and Sorbus a r e undergrown by V a c c i n i t i m . C a l l u n a and 
P t e r i d i u m . and the p r e s e n c e i n some such a s s o c i a t i o n s of 
O x a l i s . P r i m u l a and Vi o l a a r e i n d i c a t i v e of more e x t e n s i v e 
woodland i n the p a s t , the C a l l u n e t u m not b e i n g y e t a b l e to 
become c o m p l e t e l y dominant, 
(3) S l a c k V e g e t a t i o n 
C l e v e l a n d g e n e r a l l y l a c k s a wide range of v e g e t a t i o n 
t y p e s , p a r t i c u l a r l y those of t r u e w e t l a n d h a b i t a t s . However, 
t h e r e e x i s t s h e r e , an o p p o r t u n i t y to examine most moorland 
a s s o c i a t i o n s w i t h i n a l i m i t e d a r e a , where, owing to p e c u l i a r 
t o p o g r a p h i c c o n f i g u r a t i o n , they a r e n e a r l y a l l developed i n 
c o n t i g u i t y . Such s i t e s e x i s t i n s m a l l v a l l e y s l o c a l l y termed 
" s l a c k s " , which r e p r e s e n t the former c h a n n e l s of g l a c i a l 
m e l t w a t e r s t r e a m s . The e s s e n t i a l f e a t u r e s of t h e s e a r e a 
broad, f l a t , s t r e a m l e s s , f l o o r and s t e e p s i d e s . \ T i t h i n them 
Ca 11 una moors, P t e r i d i u n s l o p e s , Sphagnvim bogs, Juncus swamps, 
E r i o p h o r u m - C a l l u n a bogs, E r i c a t e t r a l i x moors and a number-of 
i n t e r m e d i a t e a s s o c i a t i o n s e x i s t . The m a j o r i t y of the c e n t r a l 
p a r t s of such f e a t u r e s n o r m a l l y c o n t a i n S r i o p h o r u m - C a l l u n a noor, 
w i t h the absence of d r a i n a g e and s l i g h t i n c l i n a t i o n g i v i n g 
r i s e to an i n f i l l i n g of o r g a n i c m a t t e r up to 6 metres ti.iich 
i n p l a c e s , but d i m i n i s h i n g q u i t e r a p i d l y i n t h i c k n e s s i n a l l 
d i r e c t i o n s , w i t h consequent changes i n p l a n t conr'uni t i e s , 
due to both d e c r e a s e d peat depth and changes i n bog h y d r o l o g y . 
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( 4 ) Bog V e g e t a t i o n 
A p a r t from the " s l a c k " bogs, a v e r y l i m i t e d number of 
l o c a l i t i e s e x h i b i t m i r e v e g e t a t i o n . These s i t e s a r e m a i n l y 
s i t u a t e d i n the d a l e s c o n t a i n i n g a mantle of g l a c i a l d r i f t . 
I n t h e s e topogenous m i r e s , Trichophorvtm^Nardus and Eriophorum 
a n g u s t i f o l i u m a r e g e n e r a l l y dominant, and along w i t h C a r e x , 
V a c c i n i t i m and C a l l u n a support w e l l d e v e l o p e d o r g a n i c d e p o s i t s , 
w h i c h , however, a r e i n v a r i o u s s t a g e s of d e g e n e r a t i o n due 
m a i n l y to human i n t e r f e r e n c e . G r a s s l a n d , w i t h M o l i n i a . ' 
De s c h a m p s i a and A g r o s t i s dominating, i s e n c r o a c h i n g upon the 
m a r g i n s of the bogs, d i s p l a c i n g the normal s u c c e s s i o n found 
t h e r e . 
The v e g e t a t i o n of the C l e v e l a n d P l a i n i s f a r l e s s v a r i e d 
t h a n t h a t of the moorland, which i f not n a t u r a l , i s a t l e a s t 
e v i d e n t o v e r wide a r e a s . The lowlands i n c o n t r a s t a r e l a r g e l y 
a g r i c u l t u r a l , w i t h a h i g h p r o p o r t i o n of a r a b l e l a n d . T h e r e 
i s v i r t u a l l y no h e a t h l a n d , and f e n and bog communities 
have been d r a s t i c a l l y r e d u c e d i n the p a s t few c e n t u r i e s by 
d r a i n a g e and . r e c l a m a t i o n of t he " C a r r s " , where o n l y i s o l a t e d 
p a t c h e s of b a d l y d r a i n e d , J u n c u s i n f e s t e d g r a s s l a n d remain 
as e v i d e n c e of former c o n d i t i o n s . Yfoodland i s q u i t e w e l l 
d e v e l o p e d , w i t h Q u e r c u s , B e t u l a and F r a x i n u s dominant, and 
A l n u s and S a l i x i n w e t t e r s i t u a t i o n s . A number of c o n i f e r o u s 
p l a n t a t i o n s a r e found, some a c t i n g a s w i n d b r e a k s , p a r t i c u l a r l y 
on the s l o p e s n e a r to the escarpment. 
The m o s a i c of v e g e t a t i o n a t p r e s e n t e x i s t i n g i n C l e v e l a n d 
c a n be c o n s i d e r e d i n two ways. F i r s t l y , contemporary 
e n v i r o n m e n t a l c o n d i t i o n s support q u i t e v / e l l marked c a t e g o r i e s 
of p l a n t s . At a p p r o x i m a t e l y the same l a t i t u d e and e l e v a t i o n . 
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SphaRnum bogs of I r e l a n d a r e succeeded on the Pe n n i n e s by 
Sriophorum bogs which y i e l d f i n a l l y i n C l e v e l a n d to CF\luna 
h e a t h l a n d . The common denominator i n t h i s e a s t w a r d movement 
and c h a n g i n g p l a n t communities i s d e c r e a s i n g p r e c i p i t a t i o n , 
and i f an e x t e n s i o n i s made a c r o s s to t ^ e North Gernan P l a i n , 
t h i s type of e r e t i c a l v e g e t a t i o n befomes more and nore 
r e s t r i c t e d w i t h d e c r e a s i n g r a i n f a l l i n an e a s t e r l y d i r e c t i o n 
towards t h e c o n t i n e n t a l i n t e r i o r . ( E l g e e , 1914. Osvald, 1949) . 
S e c o n d l y , the p r e s e n t day p l a n t communities may o r may not be 
those w h i c h have a l w a y s e x i s t e d i n p a r t i c u l a r l o c a l i t i e s . 
C e r t a i n a r e a s , f o r example, Urper T a e s d a l e , have been r e g a r d e d 
a s refug&s f o r p l a n t s w i t h a p r e s e n t day s u b - a r c t i c 
d i s t r i b u t i o n w h i c h have remained t h e r e i n t h e i r I i r . b i t a t s s i n c e 
b e f o r e the o n s e t of the / - l e i s t o c e n e c o l d p e r i o d s . ( i J s l l a m y , 
B r i d g e w a t e r , M a r s h a l l and T i c k l e , 1969. S q u i r e s , 1971). 
E l g e e ( 19C7) s u g g e s t e d t h a t the North Y o r k s h i r e -'oors, ' a v i n g 
not been s u b j e c t e d to g l a c i a t i o n ovor most of t h e i r a r e a , 
f u l f i l l e d a s i m i l a r f u n c t i o n . The p r e s e n t h e a t h l a n d was 
c o n s i d e r e d by E l g e e to c o n t a i n e l e ments of an s r c t i c f l o r a , 
living i n an environment not d i s s i m i l a r from t h a t of P o l a r 
r e g i o n s . The r u d i m e n t s of t h i s cor>irnuni t y l i v e d on the 
d r i f t - f r e e ( j . e . u n g l a c i a t e d ) a r e a s d u r i n g the P l e i s t o c e n e , 
s p r e a d i n g on the r e t r e a t of the i c e t o the re n i a i n i n g moorland 
and lower ground. The n a t u r a l v e g e t a t i o n of the uplands 
t h e r e f o r e , v/as e n v i s a g e d to be a h e a t h f o r m a t i o n , h a v i n g 
s u r v i v e d from p r e - g l a c i a l times i n a r e f u g i a , s p r e a d i n g and 
d e v e l o p i n g a s l i g h t l y more temperate form i n L a t e s.nd P o s t -
g l a c i a l time, to assume i t s p r e s e n t d i s t r i b u t i o n . ITorest 
c o v e r , E l g e e contended, was a b s e n t , w i t h t r e e s and shrubs 
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p r e s e n t o n l y i n d e p r e s s i o n s such a s the " s l a c k s " , where they 
were s u b s e q u e n t l y choked by bog growth, l e a v i n g i s o l a t e d 
remnants t h a t c a n be se e n a t p r e s e n t . The C l e v e l a n d P l a i n , 
and some lower moorland, were a c c e p t e d a s c a r r y i n g woodland, 
a l o n g w i t h the d a l e s , though q u i t e e x t e n s i v e h e a t h l a n d was 
e n v i s a g e d h e r e a l s o . C l e a r a n c e of t h i s v e g e t a t i o n was 
a s c r i b e d to human a c t i v i t y , p r o b a b l y i n q u i t e r e c e n t t i m e s . 
T h e s e h y p o t h e s e s were f o r m u l a t e d b e f o r e p a l y n o l o g y , and i t s 
i n f e r e n c e s c o n c e r n i n g the i n t e r p r e t a t i o n of v e g e t a t i o n a l 
changes had de v e l o p e d . I t was Erdtman ( 1927, 1928) who. 
e s t a b l i s h e d t h a t f o r e s t s had c o v e r e d most, i f not a l l , of 
the C l e v e l a n d a r e a f o r much of P o s t - g l a c i a l time, and had 
not been o f the same c o m p o s i t i o n t h r o u g h o u t . L a t e r r e s e a r c h e s , 
n o t a b l y those of Dimbleby (1962) and Simmons (1969a), have 
sought to e l a b o r a t e the f i n d i n g s of Erdtman, p a r t i c u l a r l y w i t h 
a v i e w to e s t a b l i s h i n g the c a u s e s of f o r e s t d i s a p p e a r a n c e , 
and the development of the v e g e t a t i o n , f o r so long r e g a r d e d 
a s n a t u r a l over most of the r e g i o n , 
1,9 Human S e t t l e m e n t and Land Use 
A l t h o u g h C l e v e l a n d h a s been a l a n d s u r f a c e f o r about 
s i x t y m i l l i o n y e a r s , e v i d e n c e of human o c c u p a t i o n i s c o n f i n e d 
to the r e l a t i v e l y r e c e n t p a s t , c o v e r i n g the l a s t 10,000 y e a r s , 
w i t h the e a r l i e s t c u l t u r e s v i r t u a l l y n o n - e x i s t e n t , o r a t b e s t , 
p o o r l y d e v e l o p e d . F i g u r e 3 p r o v i d e s a summary of the main 
a r c h a e o l o g i c a l s i t e s f o r p r e - h i s t o r i c and e a r l y h i s t o r i c 
time i n C l e v e l a n d . The work of E l g e e ( 1930) c o n c e r n i n g the 
r e g i o n a l archaeo.logy, p a r t i c u l a r l y t h a t of the p r e - h i s t o r i c 
p e r i o d , i s now, q u i t e n a t u r a l l y , d a t e d a s f a r a s r e c e n t f i n d s 
and developments, but n e v e r t h e l e s s remains the o n l y comprehensive 
to 
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a c c o u n t of i t s k i n d . L a t e r w o r k e r s , f o r exairple Mayes ( 1966) 
have a n a l y s e d the problems of p a r t i c u l a r l o c a l i t i e s , w h i l e 
R a d l e y (1969) has p r o v i d e d the most r e c e n t statement on a 
s i n g l e p e r i o d , ( t h e I ' e s o l i t h i c ) , o t h e r w i s e work has been 
c o n f i n e d to l i s t s of s i t e s a n d . f i n d s , nany of them un p u b l i s h e d , 
H i s t o r i c a l a s p e c t s of s e t t l e m e n t a n d ' l a n d use have r e c e i v e d 
a t t e n t i o n from 'Taites ( 1957), F a r r a ( 1 9 6 1 ) , ehapman_Li961) and 
M i t c h e l l ( 1 9 6 5 ) , 
The E a r l i e s t I n h a b i t a n t s 
P a l a e o l i t h i c man was found q u i t e w i d e l y i n s o u t h e r n 
E n g l a n d , but he r a r e l y v e n t u r e d to the n o r t h , A v e r y e a r l y 
P a l a e o l i t h i c implement, (perhaps even p r e - P a l a e o l i t h i c i n a g e ) , 
was d i s c o v e r e d on E s t o n T'oor ( S l g e e , 1930) s u g g e s t i n g the 
p r e s e n c e t h e r e , o r nearby i n the l o w l a n d s of P a l a e o l i t h i c 
man. A >'ousterian implement found i n the Urper B o u l d e r C l a y 
of the r e g i o n ( a d e p o s i t of the l a s t g l a c i a t i o n ) , has l e d to 
the c o r r e l a t i o n of t h i s p e r i o d v/ith the ? ' o u s t e r i a i i c u l t u r e , 
a s has been done a t C r e s s w e l l Caves i n D e r b y s h i r e , where 
I ' o u s t e r i a n implements when r e l a t e d to the s t r a t i g r a p h y , 
showed t h a t the p e o p l e l i v e d b e f o r e and a f t e r a p e r i o d of 
i n t e n s e c o l d . 
The a c c t i m u l a t e d e v i d e n c e f o r e a r l y man i n the r e g i o n i s 
t h e r e f o r e not g r e a t . 'Jov/ever, s e v e r a l f a c t o r s mry have 
combined to g i v e t h i s p a u c i t y of i n f o r " i a t i o n . o i n c e the 
Lower P a l a e o l i t h i c , two g l a c i a t i o n s c o u l d have removed the 
a r t i f a c t s . F o r t h - e a s t Y o r k s h i r e moreover, was n e i t h e r a 
p r o d u c e r of f l i n t , nor p o s s e s s e s e x t e n s i v e d e p o s i t s , so implements 
can be e x p e c t e d to be f a i r l y s c a r c e l y d i s t r i b u t e d . As a 
consequence of t h i s , o t h e r n a t e r i a l s s uch a s q u a r t z and whinstone 
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c o u l d have been u t i l i s e d f o r such p u r p o s e s , and b e i n g 'non 
r e g u l a r ' have not been sought a f t e r . A g e n e r a l absence of f l i n t 
may, a l s o , have c a u s e d l a t e r c u l t u r e s , f o r example, N e o l i t h i c and 
Bronze age d w e l l e r s to rework the ones a v a i l a b l e , r e n d e r i n g t h e i r 
r e c o g n i t i o n even more d i f f i c u l t . 
As the i c e of the l a s t g l a c i a t i o n began to r e t r e a t 
n o r t h w a r d s , the b i t t e r l y c o l d and v e r y b a r r e n l a n d s c a p e of 
s o u t h e r n E n p l e n d c o n t a i n e d f l o u r i s h i n g r e p r e s e n t a t i v e s of 
f i r s t the A u r i g n a c i a n ' a n d then t'agdelanian c u l t u r e s . The 
l i m i t of the wanderinsrs of t h e s e c a v e - d w e l l i n g h u n t s r e n was 
C r e s s w e l l , the environment t h e r e roust have been i n t o l e r a b l y 
c o l d , so i t i s not s u r p r i s i n g t h a t they d i d not v e n t u r e n o r t h 
to C l e v e l a n d . R e i n d e e r a n t l e r s found a t the base of two 
peat bogs i n K i l d a l e , suggest from t h e i r r e l a t i o n s h i p to 
the s t r a t i g r a . p h y , t h a t t hese a n i m a l s , v/hom such men hunted, 
were l i v i n g t h e r e towards the end of t h i s c o l d p e r i o d as the 
c l i m a t e was, p e r h a p s , becoming s l i g h t l y l e s s s e v e r e . 
A f t e r about 8,000 B.C. i t i s known t h a t the c l i m a t e began 
to improve, and the l a n d s c a p e began t o become f o r e s t c o v e r e d 
(Godwin, 1 9 5 6 ) . The f i r s t c u l t u r e to make an impact on t h i s 
environment was t h a t of the I'aglemose p e o p l e , w e l l developed 
i n e a s t Y o r k s h i r e , p a r t i c u l a r l y i n the V a l e of P i c k e r i n g a t 
S t a r C a r r . ( C l a r k , 1 9 5 4 ) . They were h u n t e r s and f i s h e r m e n , 
u s i n g d i s t i n c t i v e harpoons made from r e i n d e e r bone, but 
p r e f e r r i n g a l a k e s i d e h a b i t a t r a t h e r than a c a v e . S t a r 
C a r r h a s been r e f e r r e d to an e a r l i e r phase of P o s t - g l a c i a l 
time t h a n the c l a s s i c I/aglsmosian s i t e s , such as those of 
I / u l l e r u p , Holmegaard, S v a l r d b o r g and Lundby i n Denaarlr. which 
d a t e from B o r e a l time. The s e t t l e m e n t a t S t a r C a r r , dated 
37 
by r a d i o c a r b o n to 7638+ 209 B.C., has been c o n s i d e r e d to 
b e l o n g to a l a t e phase of the Fre-boree.l p e r i o d , wit!:i a 
m a t e r i a l c u l t u r e r e p r e s e n t a t i v e of a t r a n s i t i o n phase between 
Upper P a l a e o l i t h i c and I ' e s o l i t h i c type, h u n t i n g i n the 
P a l a e o l i t h i c t r a d i t i o n and F'aglerflosian s e t t l e m e n t for.n b e i n g 
found t o g e t h e r ( C l a r k , 1954). C l e v e l a n d has so f a r y i e l d e d 
no remnants of .''.'aglemosian c u l t u r e , but the r e c e n t d i s c o v e r y 
of a complete s k e l e t o n of 3qs primiig;enius a s s o c i a t e d w i t h 
c h a r c o a l , a t the s i t e of p. former l a k e near I ' i l d a l e v i l l a g e , 
has g i v e n a r a d i o c a r b o n date of 8,4CX)+ 200 B.C. (Gak, 2707) 
from i t s efr>bedding m a t e r i a l , s u g g e s t i n g some form of a c t i v i t y 
h e r e i n e a r l y t i m e s . The moorlands, however, have g i v e n no 
i n d i c a t i o n of b e i n g inhabited, by e a r l y ' ' e s o l i t h i c man. 
The s u c c e e d i n g p e r i o d of the Iv'esoli t h i c , t!;e S a u v e t e r r i a n , 
o c c u r r i n g r o u g h l y between 8,000 - 6,000 B.C., a l s o f i n d s 
l i t t l e r e p r e s e n t a t i o n over the r e g i o n . Sven though t h e r e i s 
e v i d e n c e a t most f l i n t s i t e s of components of t h i s c u l t u r e , 
they, a s y e t , have not been i s o l a t e d ( R a d l e y , 1969), and i t i s 
to the l a t e t ' e s o l i t h i c t h a t the b u l k of the f l i n t f i n d s of 
t h i s p e r i o d a r e a s c r i b e d . B a s i c a l l y , they a r e r e g i o n a l 
v a r i a t i o n s of the Maglemosian and S a u v e t e r r i a n t e c h n o l o g i e s , 
t o g e t h e r w i t h r e p r e s e n t a t i v e s of a l a t e r c u l t u r a l group, the 
T a r d e n o i s i a n t y p e . At about t h i s time, (around 6,000 3 . 0 , 
the N o r t h Sea " l a n d bric'ge" was i n p r o c e s s of submergence, 
and the e a s y a c c e s s to t h i s p a r t of B r i t a i n by c o n t i n e n t a l 
p e o p l e s was p r e v e n t e d . The T a r d e n o i s i a n c u l t u r e v/as an 
example, p r o b a b l y a r i s i n g out of a m i x i n g of p r e v i o u s p e o p l e s 
and i d e a l s r a t h e r than the r e s u l t s of a f r e s h i n v a s i o n 
( R a d l e y , 1 9 6 9 ) . I t was a l s o c h a r a c t e r i s e d by i t s p r e f e r e n c e 
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f o r an u p l a n d environment ( a t any r a t e f o r p a r t of the y e a r ) , 
and a g e n e r a l h u n t i n g , food g a t h e r i n g and s h i f t i n g n a t u r e . 
The m a j o r i t y of f l i n t s i t e s a r e at h e i g h t s of over 250 m e t r e s 
(820') O.D. on sandy s o i l below p e a t y humus, and p r o b a b l y 
r e p r e s e n t the f l i n t working and sometimes caanping s i t e s of men 
who t r a v e r s e d the moorlands b e f o r e p e a t f o r m a t i o n s t a r t e d , 
p r e s u m a b l y i n a d r i e r and f o r e s t e d e n v i r o n m e n t . S i s s C r o s s H i l l , 
on Danby Low Moor was the e a r l i e s t d i s c o v e r e d M e s o l i t h i c s i t e i n 
C l e v e l a n d , A t k i n s o n ( 1 8 6 3 ) , d e s c r i b i n g i t as a C e l t i c f l i n t 
implement f s . c t o r y . L a t e r i n v e s t i g a t i o n t h e r e by E l g e e i n 1925, 
shov/ed i t to be a T a r d e n o i s i a n f l i n t s i t e . The implements occupy 
the b a s e o f a p e a t y s o i l and the upper p a r t s of the s u b - s o i l . 
Some 3 k i l o m e t r e s (2 m i l e s ) s o u t h - e a s t of S i s s C r o s s , a n o t h e r 
s m a l l e r f l i n t s i t e of s i m i l a r type was d i s c o v e r e d , and o t h e r 
l e s s nvimerous f i n d s have been made on Brown H i l l , Commondale 
275 m e t r e s (900') O.D., Low Brown H i l l n earby, and c l o s e to 
Danby B e a c o n a t 295 m e t r e s (975') O.D. A l l of these s i t e s o c c u r 
on a 10 k i l o m e t r e s v/atershed from Brown H i l l to Danby Beacon, 
w h i c h i s capped by a c o n s i d e r a b l e t h i c k n e s s of K e l l a w a y s r o c k , 
Tirhose d i s t i n c t i v e l a n d s c a p e forming q u a l i t i e s have a l r e a d y 
been d i s c u s s e d . The e l e v a t e d and d r y environment of t h i s 
o u t c r o p i s a c c e n t u a t e d by the f a c t t h a t i t i s surrounded 
by wet moorland r e s t i n g on i m p e r v i o u s c l a y s and s h a l e s . 
The f a c t t h a t M e s o l i t h i c f l i n t s a r e commonly found i n such 
s i t u a t i o n s p r o b a b l y r e f l e c t s the p r e f e r e n c e of nomadic 
huntsmen f o r d r i e r and p e r haps more open and e a s i e r 
t r a v e r s a b l e t e r r a i n . E l s e w h e r e i n C l e v e l a n d , S e d d a l e , Barnaby, 
Upleatham and E s t o n Nab have y i e l d e d T a r d e n o i s i a n type 
implements, and i t i s c l e a r t h a t M e s o l i t h i c people were the 
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f i r s t c o n s i s t e n t i n h a b i t a n t s of the a r e a a f t e r the i c e age, 
moving m a i n l y from r i d g e to r i d g e i n the u p l a n d s , w i t h 
p o s s i b i l i t i e s of some lowland s e t t l e m e n t s , a l l a t a time 
b e f o r e p e a t f o r m a t i o n had begun, and the a r e a was q u i t e w e l l 
f o r e s t e d , p e r h a p s a s l a t e a s 4,000 B.C. 
The N e o l i t h i c P e r i o d 
I n n o r t h - e a s t Y o r k s h i r e the c h i e f remains of N e o l i t h i c 
man a r e of two k i n d s , stone a x e s and long barrows. The 
p e r i o d h a s been d i v i d e d i n t o an e a r l i e r age, dominated by an 
axe c u l t u r e and a l a t e r long barrow p h a s e . However, ax e s 
were u s e d throughout the N e o l i t h i c and i n t o the Bronze Age, 
j u s t a s t h e r e i s l i t t l e doubt t h a t M e s o l i t h i c man and h i s 
c u l t u r e v/as contemporaneous w i t h N e o l i t h i c a c t i v i t y i n some 
l o c a l i t i e s ( E l g e e , 1 9 3 0 ) . Many stone a x e s have been found, 
e s p e c i a l l y i n the C l e v e l a n d P l a i n a t Guisborough, G r e a t Ayton, 
Yarm, and Seamer, and i n the u p l a n d s on the E s t o n H i l l s 
o v e r l o o k i n g the T e e s V a l l e y , and n e a r E g t o n i n the E s k V a l l e y . 
The d i s t r i b u t i o n shows t h a t N e o l i t h i c man much p r e f e r r e d the 
l o w l a n d s and v a l l e y environment, a v o i d i n g moorland whenever 
p o s s i b l e . The Long Barrow c u l t u r e d i d not a f f e c t the r e g i o n , 
the N e o l i t h i c herdsmen f i n d i n g adequate p a s t u r e l a n d on the 
c h a l k and l i m e s t o n e of the V/olds to the s o u t h of C l e v e l a n d . 
About 1,500 B.C., a t the c l o s e of N e o l i t h i c time, C l e v e l a n d 
must have had a s m a l l , s c a t t e r e d and c o s m o p o l i t a n p o p u l a t i o n 
c o n s i s t i n g of b o t h M e s o l i t h i c and N e o l i t h i c c u l t u r a l t y p e s , 
a s w e l l a s r e p r e s e n t a t i v e s of the e n s u i n g p e r i o d . 
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The B r o n z e Age 
T h i s p e r i o d h a s been s u b - d i v i d e d i n the a r e a a s f o l l o w s : -
( E l g e e , 1930, Hayes, 1 9 6 3 ) , ( l ) The E a r l y Bronze Age c . 1700 -
1400 B.C. (2) The Mid-Bronze Age c . 1400 - 700 B.C. 
(3) The L a t e Bronze Age 900 - 600 B.C. The e a r l y and l a t e 
p h a s e s of the Bronze Age were times of i n v a s i o n , r a c i a l 
amalgajnat i o n and s o c i a l r e a d j u s t m e n t , the Mid-Bronze Age 
a p e r i o d of c o m p a r a t i v e s e c u r i t y and s t a b i l i t y during which 
an i n s u l a r c u l t u r e became paramount. 
I n the E a r l y Bronze Age t h e r e were t h r e e d i s t i n c t p e o p l e s 
i n v a r i o u s p a r t s of the r e g i o n . (1) B e a k e r people, (2) Stone 
b a t t l e axe p e o p l e , ( 3 ) Food v e s s e l p e o p l e , a l l to some 
e x t e n t contemporaneous. Not much met a l v/orking took p l a c e 
i n the e a r l y , p a r t of t h i s p e r i o d , and stone axes s u r v i v e d 
through to the I r o n Age i n many i s o l a t e d d i s t r i c t s ( E l g e e , 1930) 
Specimens of b e a k e r s have been found on the North C l e v e l a n d 
Moors, t h e i r makers r e g a r d e d a s i n v a d e r s from H o l l a n d and 
Germany who e n t e r e d the a r e a v i a T/hitby, a n a t u r a l i n l e t on 
an o t h e r w i s e u n i n d e n t e d c o a s t l i n e . Stone b a t t l e axes a r e 
r a r e and t h e i r u s e r s do not appear to have been v e r y 
i n f l u e n t i a l i n the c u l t u r a l e v o l u t i o n of the a r e a . Food 
v e s s e l s a r e more nximerous, h a v i n g been found on Guisborough 
Stanghow and E s t o n Moors. I t seems t h e r e f o r e , t h a t E a r l y 
B r onze Age man was l a r g e l y a p e r i p h e r a l s e t t l e r to the 
moorland, making h i s e x i s t e n c e a s a s m a l l farmer, a g r a z i e r 
and n e a r the c o a s t , a f i s h e r m a n . 
The Middle Bronze Age i s known a s the Urn P e r i o d , the 
i n h a b i t a n t s of w h i c h made the f i r s t s e r i o u s a t t e m p t s to l i v e 
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on the moorlands and i n the d a l e s . There must have been 
q u i t e a s i z e a b l e p o p u l a t i o n at t h i s time, over 10,000 Round 
B a r r o w s o v e r the whole a r e a i n d i c a t e t h i s , found u s u a l l y on 
d r y e l e v a t e d topography, but a l s o i n the l o w l a n d s . The heads 
of Commondale, K i l d a j e , S l e d d a l e and L o u n s d a l e have marked 
g r o u p i n g s of s m a l l Round B a r r o w s , w h i l e l a r g e r ones r u n i n 
l i n e s f o l l o w i n g r i d g e summits and marking a n c i e n t trackways 
between s e t t l e m e n t s i t e s . I s o l a t e d barrows a r e found i n the 
C l e v e l a n d P l a i n , f o r example, a t Hut ton Rudby, E l g e e (1930) 
m a i n t a i n e d t h a t the r u r a l economy of the Urn people was such 
t h a t they c u l t i v a t e d , and p o s s e s s e d s m a l l h e r d s which g r a z e d 
on a s m a l l amount of g r a s s l a n d . Swine were p r o b a b l y more 
numerous, f i n d i n g pannage i n the oak f o r e s t s of the d a l e s , 
and g o a t s i m p o r t a n t , browsing a l l y e a r round, h e l p i n g to 
c l e a r f o r e s t and s c r u b , and p r e v e n t i n g t r e e r e g e n e r a t i o n by 
s t r i p p i n g o f f the v e g e t a t i o n . Goats p r o v i d e d the people w i t h 
food and c l o t h i n g , and were e a s i l y f e d on h e a t h e r , i v y , 
b r a c k e n , b r a m b l e s , wood, b i l b e r r y and moss i n s e v e r e w i n t e r s . 
Sheep were i m p o r t a n t and t i l l a g e i n c l u d e d t h a t of wheat and 
o a t s . U r n s have been found on G r e a t A y ton, K i l d a l e and Hut ton 
Moors, e n c l o s u r e s of the Urn people on Danby Low Moor, 
Moorsholm and K i l d a l e Moors, w h i l e G i r r i c k and E s t o n Moors 
and E a s i n g t o n High Moor c o n t a i n remains of t h e i r d e f e n s i v e 
s i t e s . 
E l g e e (1930) a l s o s u g g e s t e d t h a t the moorland was c l o t h e d 
w i t h h e a t h e r a t t h i s time and the c l i m a t e was q u i t e wet, w i t h 
the d a l e s f o r e s t e d but w i t h some g r a s s l a n d . Animals formed 
t r a c k w a y s i n t h i s t e r r a i n w h i c h the i n h a b i t a n t s f o l l o w e d 
l e a d i n g them to game, s p r i n g s , s t r e a m s , f o r d s , and c l e a r i n g s . 
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As w e l l as t h i s t hey formed new ways both n o r t h - s o u t h and 
w e s t - e a s t a c r o s s r i d g e s . ' i h i t e C r o s s on Danby Low ?'oor 
marks the j u n c t i o n of a major ea s t - v / e s t r o u t e from .7hitby to 
the moors n o r t h of C a s t l e t o n , w i f ^ a n o t h e r r u n n i n g n o r t h - s o u t h . 
A l s o h o l l o w ways, down whic'i s t o c k were d r i v e n towards s p r i n g s 
and p a s t u r e a r e q u i t e f r e q u e n t , being found on ^ s t o n *'oor and 
i n S l e d d a l e . Dimbleby (1961, 1962) s t a t e s t h a t a g r i c u l t u r a l 
a c t i v i t y i n t h i s p e r i o d was r e s p o n s i b l e f o r the d e f o r e s t a t i o n 
and subsequent d e s o l a t i o n of the a r e a . T h i s a c t i v i t y , he 
s u g g e s t s , was m a i n l y p a s t o r a l i n c o n t r a s t to the a r a b l e 
f a r m e r s of the l i m e s t o n e h i l l s to the so u t h . F l e m i n g (1971) 
does not co n c u r to t h i s view, b e l i e v i n g t h a t they had a w e l l 
mixed f a r m i n g economy, and d i d not m e r e l y t u r n t h e i r a n i m a l s 
i n t o the f o r e s t w i t h o u t making c l e a r a n c e s from which, to o b t a i n 
produce such as c e r e a l s . He p o i n t s to the e x i s t e n c e of many 
s t o n e s i n b u r i a l chambers of t h i s p e r i o d ; f o r e s t browsing by 
a n i m a l s i s not l i k e l y to have made th e s e a v a i l a b l e , but s o i l 
t r u n c a t i o n by a g r i c u l t u r a l p r a c t i c e , f o l l o w e d by e r o s i o n 
would do s o . C e r e a l growing may not have been v e r y s u c c e s s f u l 
at the h i g h e r a l t i t u d e s , g i v i n g a l a c k of e v i d e n c e f o r i t i n 
the l a n d s c a p e , where s o i l e x h a u s t i o n would be q u i c k e r and 
subsequent movement to a new a r e a a c c o m n l i s h e d q u i t e r a p i d l y , 
the c l e a r i n - - s becoming co v e r e d w i t h h e a t h e r and not used 
a g a i n , F l e m i n g a l s o exa^iines the d i s t r i b u t i o n of barrows over 
the a r e a , and a t t e m p t s to e s t i m a t e the p o p u l a t i o n a t t ' ^ i s time. 
A l a r g e number of barrows c o u l d mean e i t h e r a l a r g e p o p u l a t i o n 
(n o t l i k e l y on poor q u a l i t y land) or a long o c c u p a t i o n (not 
f e a s i b l e r e a l l y b e c a u s e of homogeneity of a r t i f a c t s ) . 
B a r rows c o u l d have housed up to 10 people; a t h e o r e t i c a l death 
r a t e combined w i t h a known group s i z e and b u r i a l number i s 
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used to g i v e a p o p u l a t i o n e s t i m a t e f o r the p e r i o d . A l s o the 
amount of l a n d under g r a i n needed to f e e d a p o p u l a t i o n of 
known s i z e i s p o s t u l a t e d a t around 2 a c r e s p e r head. The 
North C l e v e l a n d Moors have a barrow d e n s i t y of 1 per 100 ha, 
i n c o n t r a s t to the h i g h moors, where i t i s 1 per 250-500 ha. 
A barrow cemetery of 3 would t h e r e f o r e have used 300 ha. of 
land ( t h i s b e i n g the normal maximum cemetery s i z e ) . On t h i s 
l a n d u n i t , not a l l would be cropped. The t r e e s would e i t h e r 
be f e l l e d or r i n g b arked and l e f t to r o t w i t h p l a n t i n g t a k i n g 
p l a c e between the stumps. By v i r t u e of t h e i r poorer q u a l i t y , 
and from the e s t i m a t e s , the C e n t r a l Tfatershed c l e a r i n ^ s s a r e 
thought to have been e x h a u s t e d f o u r times as o u i c k l y as those 
of the N o r t h C l e v e l a n d Moors, where o v e r a l l a p o p u l a t i o n of 
under 1,000 o c c u p i e d the a r e a f o r 250 - 500 y e a r s . The 
C a i r n f i e l d s noted by E l g e e (1930) on the lower moorland s l o p e s 
were e s t a b l i s h e d a t the end of t h i s p e r i o d i n an attempt to 
keep c e r e a l c u l t i v a t i o n going i n the f a c e of i n c r e a s i n g 
g r a z i n g a t h i g h e r a l t i t u d e s . 
T h e r e i s not much e v i d e n c e of L a t e Bronze A g e . i n v a s i o n 
i n C l e v e l a n d , though some of the people came to the lowlands, 
perhaps a s s i s t i n g i n the e x p u l s i o n from t h e r e to the uplands 
of p r e c e d i n g c u l t u r e s , where they engaged i n such a c t i v i t i e s 
a s o u t l i n e d above, b e i n g m a i n l y s h i f t i n g c u l t i v a t o r s . 
The I r o n Ajge 
U n t i l q u i t e r e c e n t l y , t h e r e had been l i t t l e i n d i c a t i o n 
t h a t t h i s c u l t u r a l p e r i o d , from about 500 B.C. to around 70 A.D., 
had much impact i n C l e v e l a n d . I t i s now known t h a t s e t t l e m e n t s 
were e s t a b l i s h e d i n the d i s t r i c t on Guisborough and G r e a t Ayton 
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Moors (Hayes, 19 6 3 ) , and i n t e r - t r i b a l w a r f a r e d u r i n g the l a s t 
few c e n t u r i e s B.C. and f i r s t c e n t u r y A.D. l e d to the b u i l d i n g 
of E s t o n Nab H i l l F o r t , The i n h a b i t a n t s appear to have been 
q u i t e e x t e n s i v e f a r m e r s of a l a r g e l y d e f o r e s t e d l a n d s c a p e , 
i n t o w h i c h by the middle of the f i r s t . c e n t u r y A.D., Roman 
i n v a d e r s h ad come. 
The Roman O c c u p a t i o n 
The Romans, a c c o r d i n g to E l g e e ( 1 9 2 3 ) , s e t t l e d on the 
C l e v e l a n d P l a i n q u i t e i n t e n s i v e l y but l a r g e l y a v o i d e d the 
moorland. T h e r e were p r o b a b l y s t i l l r e p r e s e n t a t i v e s of the 
Urn p e o p l e i n C l e v e l a n d i n Roman t i m e s , when, c e r t a i n l y , 
R o m a n o - B r i t i s h s e t t l e m e n t s were i m p o r t a n t , a s , f o r example, 
a t K i l d a l e (Hayes, 1966) . M i t c h e l l (1965) s u b s c r i b e s to the 
v i e w t h a t a good d e a l of the supposed 'Romanisation' of the 
C l e v e l a n d l o w l a n d i s more s t r i c t l y l i k e l y to be Rom a n o - B r i t i s h , 
Hov/eyer, t h e r e c a n be no. doubt t h a t Roman i n f l u e n c e g e n e r a l l y 
was s t r o n g i n the r e g i o n , w i t h c u l t i v a t i o n on the lower a r e a s 
of wheat, b a r l e y and s p e l t , and g r a z i n g on the moorlands 
i m p o r t a n t a c t i v i t i e s i n t h i s p e r i o d , up to about 450 A.D.. 
Anglo-Saxon S e t t l e m e n t 
C l e v e l a n d was an a r e a of B r i t i s h s e t t l e m e n t d u r i n g 
A n g l i c a n t i m e s , a c t i n g a s a r e f u g e a g a i n s t the An g l e s 
who b ^ t o h o T i f f d t h e i r v.'ay t o the most f e r t i l e lands i n the 
d i s t r i c t . ViTapley and Commondale Moors have s e t t l e m e n t s of 
t h i s age, and C e l t i c f i e l d s a r e numerous at the head of 
K i l d a l e , n e a r Borrowby and a t Vlayvforth, t h e i r c h e s s board l i k e 
p a t t e r n , o f l y n c h e t s due to c r o s s ploughing w i t h foot ploughs 
o r oxen. 
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S c a n d i n a v i a n Occupance and the Norman Conquest 
S c a n d i n a v i a n i n v a d e r s o v e r r a n C l e v e l a n d between the 
n i n t h and e l e v e n t h c e n t u r i e s A.D. , w i t h two main movements 
i n t o the d i s t r i c t , ( a ) The Danes - p o s t 870 A.D., Danby was 
t h e i r c e n t r e , w i t h o t h e r s e t t l e m e n t s i n E s k d a l e and C l e v e l a n d , 
(b) The Norwegians, who o c c u p i e d the r e g i o n i n the t e n t h and 
e l e v e n t h c e n t u r i e s . K i l d a l e Church has y i e l d e d important 
V i k i n g r e l i c s w i t h many p l a c e names, " G i l l " , " F o s s " and " S l a c k " , 
f o r exzimple, o r i g i n a t i n g a t t h i s time. The S c a n d i n a v i a n 
s e t t l e m e n t was i n t e r r u p t e d by the Norman Conquest of 1069 A.D., 
v/hich d e v a s t a t e d the l a n d s c a p e and d i s r u p t e d the i n h a b i t a n t s . 
A f t e r . t h i s , the l a s t major i n f l u x of p e o p l e to C l e v e l a n d 
began, w i t h Norse s p e a k i n g c o l o n i s t s from the north-west 
c o a s t and V a l e of Eden moving i n t o the a r e a and p e a c e f u l l y 
r e s e t t l i n g many of the o l d v i l l s , e s t a b l i s h i n g new s e t t l e m e n t s , 
p l u s c u l t i v a t i n g open f i e l d s ( F a r r a , 1 9 6 1 ) . V i l l s were the 
b a s i c h o l d i n g s , a c c o r d i n g to the Domesday S u r v e y . They 
c o m p r i s e d one o r more manors, w i t h ploughland,meadow and 
woodland, t h e p o p u l a t i o n showing a rem a r k a b l e c o n c e n t r a t i o n 
i n s e t t l e m e n t s i n the C l e v e l a n d P l a i n and the lower, b o u l d e r 
c l a y c o v e r e d u p l a n d . 
The M e d i e v a l P e r i o d 
A p a r t from the g r a d u a l e v o l u t i o n of the v i l l s and the 
open f i e l d s ystem, numerous m o n a s t e r i e s were e s t a b l i s h e d a t 
about t h i s time i n the t w e l f t h c e n t u r y , and grew r a p i d l y , 
h a v i n g a n o r g a n i s e d system of l a n d e x p l o i t a t i o n , f u l l y s t u d i e d 
by W a i t e s , ( 1 9 5 7 ) . By the end of the t h i r t e e n t h c e n t u r y s i x 
m o n a s t i c g r a n g e s had been s e t up, and r e c o r d s show t h a t the 
a r e a was d e v e l o p e d p r i m a r i l y a s g r a z i n g l a n d f o r c a t t l e and 
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sheep, w i t h a r a b l e f a r m i n g assuming i n s i g n i f i c a n t p r o p o r t i o n s . 
The monks reclaimed moorland and c l e a r e d the re m a i n i n g 
v e s t i g e s of woodland on l a n d f r e e fro .rr r a n o r i a l r e s t r i c t i o n s , 
o f t e n s t a r t i n g a t the s c a r p f o o t and v/orking upwards to around 
180 m e t r e s (600 ) O.D. They were o f t e n a s s i s t e d by the l a y 
f a r m e r s i n a t a s k which r e c o r d s i n d i c a t e to have been 
f e a s i b l e , encouraged and needed to s u s t a i n an expanding 
p o p u l a t i o n ( F a r r a , 1 9 6 1 ) . 
The m o n a s t e r i e s v/ere d i s s o l v e d i n 1539, and t h i s marked 
the b e g i n n i n g of a new phase i n the l a n d s c a p e e v o l u t i o n of 
the a r e a , w i t h f o u r hundred y e a r s of m o n a s t i c i n f l u e n c e ending 
and the l a n d s of Guisborough and \?hitby Abbeys b e i n g s p l i t 
between l a y t e n a n t s , A g r a d u a l c l o s u r e of the open f i e l d 
s ystem was e f f e c t e d , w i t h emphasis on p a s t o r a l a c t i v i t i e s 
and moorland r e c l a m a t i o n , a g a i n below 180 metres (6CX) ) . 
The h i g h e r moors were l a r g e l y mchanged but a t lower a l t i t u d e s , 
f o r example, round ^--anby and " ' i l d a l e , moorland e n c l o s u r e took 
p l a c e , b e i n g v / e l l advanced by the e a r l y e i g h t e e n t h c e n t u r y . 
As e a r l y a s 1550, the C l e v e l a n d P l a i n i s r e c o r d e d as being 
almost d e v o i d of woodland and even hedgerows were r e l a t i v e l y 
r a r e ( M i t c h e l l , 1 9 6 5 ) , w i t h e n c l o s u r e commencing :.n many 
l o c a l i t i e s . 
I ^ n c l o s u r e and j^ g£ij=J!ijLtHIL%.L E x p a n s i o n 
E n c l o s u r e , which had been i n p r o g r e s s f o r two c e n t u r i e s , 
r e a c h e d i t s c l f t e r 1750, w i t h A c t s of P a r l i a m e n t e n s u r i n g 
t h a t a l l o p e n - f i e l d s and con^^on g r a z i n g land was e n c l o s e d . 
I t v/a.s v i r t u a l l y complete by t h i s time i n C l e v e l a n d , w i t h 
r e c o u r s e to a c t s u n n e c e s s a r y i n the m a j o r i t y of l o c a l i t i e s . 
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and the la n d s c a p e must have looked then, much a s i t does today. 
The I n d u s t r i a l .Aevolution, f o l l o w e d by the Nap o l e o n i c Tfers 
c a u s e d i n t e n s i f i c a t i o n of the r e g i o n s a g r i c u l t u r e , to be 
f o l l o w e d by twenty y e a r s of d e p r e s s i o n due to cheap f o r e i g n 
food i m p o r t s , a l l such a c t i v i t i e s r e f l e c t e d i n changing l a n d -
use p a t t e r n s . M a r s h a l l (1788) and Tuke (1800) wrote on the 
r e g i o n ' s a g r i c u l t u r e , n o t i n g t h a t wheat farming i n c r e a s e d i n 
importance i n the e a r l y nineteent.h c e n t u r y , along w i t h 
moorland r e c l a m a t i o n , and, f o r the f i r s t time, the p l a n t a t i o n 
of t r e e s . K ' i t c h e l l (1965) r e g a r d s Seamer and o t h e r C a r r 
a r e a s i n the C l e v e l a n d P l ? . i n to have been r-eclaimed about 
1815, i n the g e n e r a l e x p a n s i o n of c u l t i v a t e d l a n d , whose 
upper l i m i t was now about 260 m e t r e s (850') O.D. i n some p l a c e s . 
The moorlands s t i l l remained l a r g e l y untoucl-ed, however, and 
a c c o r d i n g to F a r s h a l l ( 1788) v/ere c o m p l e t e l y d e v o i d of a l l 
t r a c e s of woodland by t h i s time. 
The L a s t One 'lundred Y e a r s 
C l e v e l a n d developed i t s own i n d u s t r i a l h i s t o r y , e s p e c i a l l y 
i n the e a r l y n i n e t e e n t h c e n t u r y w i t h p r o s p e r o u s mines e x t r a c t i n g 
J e t , Alum, S h a l e , I r o n s t o n e and C o a l . However, f o r t u n a t e l y 
f o r the q u a l i t y of an a l r e a d y much a l t e r e d l a n d s c a p e , they 
d e c l i n e d almost a s r a p i d l y a s they had boomed, and have not 
l e f t a g r e a t and l a s t i n g v i s u a l i m p r e s s i o n over wide a r e a s . 
Undoubtedly, though,' the e a r l i e r i n d u s t r i a l p r o c e s s e s u t i l i s e d 
any r e m a i n i n g , s u i t a b l e woodland i n t h e i r w o r k i n g s . 
Two Vforld V/ars c a u s e d e x p a n s i o n of a r a b l e farming and 
some moorland r e c l a m a t i o n , w i t h r e v e r s i o n to l a r g e l y 
p a s t o r a l a c t i v i t i e s between and a f t e r them. A f f o r e s t a t i o n 
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has been p i e c e r . e a l , and o n l y s i n c e 1951, when the F o r e s t r y 
Commission i n i t i a t e d the C l e v e l a n d F o r e s t Scheme, have 
s e r i o u s a t t e m p t s been made to r e s t o r e something n e a r e r the 
n a t u r a l l a n d s c a p e of the a r e a . Douglas f i r , l a r c h and beech 
have been p l a n t e d a t lov/ a l t i t u d e s , and l a r c h and r e d oak a t 
h i g h e r e l e v a t i o n s , m a i n l y on poor q u a l i t y l a n d of v a l l e y s i d e s 
and the e s c a r p m e n t . C o n s i d e r a b l e a c r e a g e s of moorland a r e 
b e i n g l e f t to r e v e r t from p a r t i a l r e c l a m a t i o n to pure h e a t h , 
w i t h g r o u s e r e a r i n g now f a r more important than a g r i c u l t u r a l 
r e c l a m a t i o n on the C a l l u n a monoculture, i n an a r e a composed 
of i s o l a t e d f a r m s t e a d s and h a m l e t s . The r e l a t i v e a g r i c u l t u r a l 
and i n d u s t r i a l p r o s p e r i t y of the C l e v e l a n d P l a i n , and the 
d e s i g n a t i o n of the moorland a s p a r t of the K o r t h Y o r k s h i r e 
Moors N a t i o n a l P a r k , w i t h emphasis upon workable m u l t i p l e 
l a n d - u s e schemes i n c l u d i n g a g r i c u l t u r e , f o r e s t r y and r e c r e a t i o n , 
may j u s t s e r v e to m a i n t a i n an a c c e p t a b l e e c o l o g i c a l l y b a l a n c e d 
environment i n the r e g i o n . 
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CHAPTER 2 
S I T E LXXATION AND ANALYTICAL TECHNIQUES 
2.1 The S i t e s I n v e s t i g a t e d 
The s i t e s were ch o s e n i n o r d e r that a minimum number 
s h o u l d y i e l d the maximum of i n f o r m a t i o n on the main problems 
e n v i s a g e d i n the e l u c i d a t i o n of the e c o l o g i c a l h i s t o r y of 
what a r e , a t p r e s e n t , two q u i t e d i s t i n c t environments w i t h i n 
a r e l a t i v e l y s m a l l r e g i o n . 
The b a s i c p r i n c i p l e was t h a t of a n a l t i t u d i n a l t r a n s e c t 
from west to e a s t a c r o s s the whole r e g i o n , u s i n g , as a 
s a f e g u a r d a g a i n s t the r e p r e s e n t a t i o n of a p u r e l y l o c a l 
s u c c e s s i o n , p a i r s of s i t e s w h e r ever p o s s i b l e i n each c r i t i c a l 
l o c a l i t y , a t which r e l a t i v e l y u n c o m p l i c a t e d h y d r o s e r e s were 
l i k e l y to have developed o v e r a long p e r i o d of time. D e t a i l s 
of each i n d i v i d u a l s i t e a r e g i v e n at the a p p r o p r i a t e p o i n t 
i n the t e x t , and t h e i r l o c a t i o n s c a n be seen i n F i g u r e 1, 
Only comments upon t h e i r g e n e r a l d i s t r i b u t i o n a r e a p p r o p r i a t e 
h e r e . 
As the whole r e g i o n was g l a c i a t e d a t the W e i c h s e l i a n 
maximvun, t h e o r e t i c a l l y , any s i t e s e l e c t e d c o u l d have y i e l d e d 
a complete r e c o r d of e c o l o g i c a l changes s i n c e that time. 
The e f f e c t s of the g l a c i a t i o n , however, were q u i t e d i f f e r e n t 
i n the two major a r e a s . 
The C l e v e l a n d P l a i n h a s e x t e n s i v e d e p o s i t i o n a l f e a t u r e s , 
w i t h a huramocky form p i t t e d w i t h k e t t l e - h o l e l i k e d e p r e s s i o n s , 
n o r m a l l y s i t e s most s u i t a b l e f o r a n a l y s i s of long-term 
e c o l o g i c a l e v o l u t i o n . However, the m a j o r i t y of such l o c a l i t i e s 
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p r o v e d u n p r o d u c t i v e , and i n the e v e n t , o n l y one adequate s i t e 
was found i n the l o w l a n d . T h i s was Seamer C a r r s , n e a r Seamer, 
3 k i l o m e t r e s n o r t h - w e s t of S t o k e s l e y , a t an a l t i t u d e of 70 me t r e s 
(225') O.D. I n the ab s e n c e of a comparable s i t e i n the 60 - 90 
m e t r e s O.D. c a t e g o r y , an ep.stward p r o g r e s s i o n to the main w e s t -
e a s t d a l e system of the E s k - Le v e n was made. T h i s a r e a i s 
a l s o l a r g e l y f l o o r e d w i t h g l a c i a l d r i f t and s t a n d s some 100 
m e t r e s h i g h e r than the l o w l a n d . Here two s u i t a b l e s i t e s were 
found; the f i r s t , K i l d a l e H a l l , n e a r K i l d a l e v i l l a g e a t 168 
me t r e s O.D. (550') 13 k i l o m e t r e s e a s t of Seamer . C a r r s , the o t h e r 
-Jest House Moss on the E s k - L e v e n w a t e r s h e d a t the head of 
K i l d a l e 178 m e t r e s (585') O.D., 3 k i l o m e t r e s f u r t h e r e a s t . 
At b o t h l o c a l i t i e s mamalian r e m a i n s had been r e c o v e r e d from 
the m i r e d e p o s i t s , and Bronze and I r o n Age f i n d s made nea r b y 
upon the moorlands. 
The N o r t h C l e v e l e i n d Moorland p l a t e a u , a v e r a g i n g 210 - 250 
m e t r e s O.D. (700 - 800') i s l a r g e l y d e v o i d of g l a c i a l d r i f t , 
w i t h the r e s i s t a n t bedrock p r o v i d i n g few o p p o r t u n i t i e s f o r mire 
development, a p a r t from i n e r o s i o n a l landforms of the i c e and 
i t s m e l t w a t e r , which a r e q u i t e w i d e l y d i s t r i b u t e d o ver the a r e a , 
a s d e p r e s s i o n s o f v a r i o u s d i m e n s i o n s . Two such s i t e s were 
examined, b o t h o c c u p y i n g the s i t e s of former g l a c i a l d r a i n a g e 
c h a n n e l s . Ewe Crag S l a c k , 235 metres (771') O.D., on Danby Low 
Moor i n the w e s t - c e n t r a l u p l a n d a r e a , and Tranmire S l a c k , 198 
me t r e s ( 6 5 0 ' ) O.D., on Roxby High Moor i n the e a s t e r n p l a t e a u a r e a , 
6 k i l o m e t r e s (4 m i l e s ) d i s t a n t , were t a k e n f o r comparative purposes 
f o r t h i s r e g i o n , where nximerous major a r c h a e o l o g i c a l f i n d s 
r a n g i n g from M e s o l i t h i c to V i k i n g age have been made. 
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The o v e r a l l d i m e n s i o n s of the f i v e s i t e t r a n s e c t from 
Seamer to T r a n m i r e i s some 30 k i l o m e t r e s , and the a l t i t u d i n a l 
range from 70 - 235 m e t r e s . 
2,2 A n a l y t i c a l T e c h n i q u e s 
The m a j o r i t y of t e c h n i q u e s employed i n the r e s e a r c h 
were s t a n d a r d methods w i d e l y u s e d i n Q u a t e r n a r y s t u d i e s , and 
drawn from a v a r i e t y of s o u r c e s . F u l l e r d i s c u s s i o n s o f such 
methods c a n be found i n Brown ( 1 9 6 0 ) , F a e g r i and I v e r s e n ( 1 9 6 4 ) , 
Kummel and Raup (1965) and West ( l 9 6 8 ) , and o n l y an o u t l i n e of 
the most i m p o r t a n t i s g i v e n below. 
F i e l d w o r k T e c h n i q u e s 
(1 ) L e v e l l i n g and D i s t a n c e Measurement 
L e v e l l i n g was c a r r i e d out u s i n g a d i r e c t r e a d i n g " A u t o s e t " 
l e v e l and t r i p o d , and an a l l o y measuring s t a f f graduated i n 
m e t r e s . No s i t e s were n e a r a c c e s s i b l e Bench Marks, t h e r e f o r e 
a f i x e d i n i t i a l p o i n t was e s t a b l i s h e d , w i t h a l l subsequent 
l e v e l s r e l a t i v e to i t . L e v e l l i n g was p r i m a r i l y between 
s t r a t i g r a p h i c b o r e h o l e s , w h i l e a l s o t a k i n g i n major r e l i e f 
f e a t u r e s of the s i t e , u s i n g normal F o r e s i g h t and B a c k s i g h t 
procevdures to o b t a i n the r i s e o r f a l l of the ground between 
two s t a t i o n s . 
D i s t a n c e measurement was a l s o c a r r i e d out u s i n g the l e v e l 
whenever p o s s i b l e . The v a l u e s on the m easuring s t a f f 
c o r r e s p o n d i n g to the upper and lower i n t e r s t a d i a of the l e v e l 
a t a p a r t i c u l a r s t a t i o n were s u b t r a c t e d from each o t h e r and 
the d i f f e r e n c e m u l t i p l i e d by a f a c t o r of 100, g i v i n g the 
d i s t a n c e i n m e t r e s between the l e v e l and the s t a f f . T h i s i s 
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a v e r y a c c u r a t e method, and was found to be much q u i c k e r than 
l a y i n g out a 60 metre l i n e n tape between s t a t i o n s , e s p e c i a l l y 
where f e n c e s or d i t c h e s had to be surmounted. F o r q u i t e 
permanent m a r k i n g , and r e a d y r e c o g n i t i o n of borehole s i t e s , 
s t o u t , metre long bamboo c a n e s were s e c u r e l y pushed i n t o the 
ground, w i t h a s m a l l q u a n t i t y of c o l o u r e d p l a s t i c f l a g g i n g 
a t t a c h e d t o them. 
( 2 ) S t r ' a t i g r a p h i c a l I n v e s t i g a t i o n s 
I n t h e i n v e s t i g a t i o n of e x t e n s i v e f o s s i l i f e r o u s d e p o s i t s , 
i t i s f i r s t n e c e s s a r y to c a r r y out a programme of b o r i n g to 
d e t e r m i n e t h e i r e x t e n t and s t r a t i g r a p h y . I n o r d e r to do t h i s , 
l i n e s of b o r e h o l e s were made and the s t r a t i g r a p h y r e c o n s t r u c t e d . 
Once the s t r a t i g r a p h y was c l e a r , the b e s t s i t e f o r d e t a i l e d 
seunpling was chosen, n o r m a l l y where the d e p o s i t s were most 
c o m p l e t e l y p r e s e r v e d and t h i c k e s t . C a r e i s needed because 
Q u a t e r n a r y s e d i m e n t s a r e apt to v a r y c o n s i d e r a b l y over s h o r t 
d i s t a n c e s , s i n g l e b o r i n g s o f t e n g i v i n g u n r e l i a b l e e v i d e n c e a s 
to the whole sequence. As no open f a c e s were a v a i l a b l e , 
s a m p l i n g was done e x c l u s i v e l y w i t h hand-operated b o r i n g 
equipment of two t y p e s . The m a j o r i t y of samples were t a k e n 
w i t h the S o i l S u r v e y of S c o t l a n d P e a t Sampler (Jowsey, 1966) . 
T h i s c o n s i s t s of a 50cm. long and 5 cm. diameter h a l f c y l i n d e r , 
f i x e d to a sampler head and which can be r o t a t e d through 180° 
to r e t a i n a h a l f c y l i n d e r of p e a t or o t h e r sediment a g a i n s t a 
c e n t r a l a n c h o r p l a t e . The c y l i n d e r r o t a t e s around the anchor 
p l a t e w h i c h p r o j e c t s i n t o the sediment on one s i d e , t h i s 
r e m a i n i n g s t a t i o n a r y w h i l e the c y l i n d e r r o t a t e s . A f i n p l a t e 
a t r i g h t a n g l e s to the anchor p l a t e b i s e c t s the core o b t a i n e d 
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i f t h a t p a r t i c u l a r s i d e of the p l a t e i s o u t w a r d s when the 
s a m p l e r i s p u s h e d down to the r e q u i r e d d e p t h by means of a 
r i g i d s t r i n g of r o d s topped by a h a n d l e . E a c h r o d i s one 
m e t r e i n l e n g t h , and i s a t t a c h e d to the nex t by a c o u p l i n g 
e n c l o s e d b y a s l i d i n g tube h e l d i n p l a c e by s p r i n g l o a d e d 
p i n s . 
Some s a m p l i n g was done w i t h p e r h a p s the b e s t known and 
most w i d e l y u s e d g e n e r ? . l p u r p o s e p e a t s a m p l e r , the H i H e r 
b o r e r . T h i s c o n s i s t s of a s a m p l i n g chamber 50 cm. long and 
3 cm. i n d i a m e t e r , w i t h a 2 cm. wide s l i t down one s i d e . 
T h i s i s c o v e r e d by a c l o s e f i t t i n g o u t e r t u b e , w i t h a s i m i l a r 
s l i t b o r d e r e d by a 3 c m . wide f l a n g e s e t a t a t a n g e n t . An 
i n n e r r e m o v a b l e l i n e r of l i g h t a l l o y c a n be u s e d i n s i d e the 
chamber so t h a t c o r e s o b t a i n e d c a n be removed and t a k e n 
b a c k i n t a c t to the l a b o r a t o r y (Thomas, 1 9 6 4 ) . The a t t a c h m e n t 
s y s t e m i s i d e n t i c a l to the S o i l S u r v e y o f S c o t l a n d Ssunpler , 
but t h e H i H e r i s pushed down not s t r a i g h t , but w i t h a s l i g h t l y 
c l o c k w i s e p r e s s u r e when the o u t e r tube i s c o v e r i n g the s l i t i n 
the i n n e r t u b e , t h e r e b y k e e p i n g i t c l o s e d . On r e a c h i n g the 
r e q u i r e d d e p t h the s a m p l e r i s r o t a t e d a n t i c l o c k w i s e , the two 
s l i t s c o i n c i d e and the chamber o p e n s . Two o r t h r e e f u r t h e r 
a n t i c l o c k w i s e r o t a t i o n s c a u s e s e d i m e n t s to be scooped by the 
f l a n g e i n t o the i n n e r t u b e . C l o c k w i s e r o t a t i o n c l o s e s the 
i n n e r tube o f f a g a i n and the s a m p l e r i s w i t h d r a w n , m a i n t a i n i n g 
a s l i g h t c l o c k w i s e p r e s s u r e to keep i t s h u t , 
'Vhereas the S o i l S u r v e y o f S c o t l a n d S a m p l e r c a u s e s v e r y 
l i t t l e d i s t u r b a n c e of the s e d i m e n t s as t h e y a r e s a m p l e d , the 
H i H e r b o r e r , by the n a t u r e of i t s s c o o p i n g a c t i o n , does s o . 
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and i s t h e r e f o r e l e s s u s e f u l f o r a n a l y t i c a l s a m p l e s . However , 
i t i s more r o b u s t t h a n the Jowsey b o r e r , b e i n g a b l e to 
p e n e t r a t e q u i t e s t i f f c l a y s and g r a v e l s by i t s s c r e w i n g a c t i o n , 
t h e S o i l S u r v e y s a m p l e r b e i n g i n t e n d e d f o r s o f t s e d i m e n t s o n l y . 
A p a r t f rom the m e r i t s of i n d i v i d u a l s a m p l e r s , c e r t a i n 
o t h e r g e n e r a l p r i n c i p l e s were a d h e r e d to i n s a m p l i n g . I t w a s , 
w h e n e v e r p o s s i b l e done a t a t ime of y e a r when p o l l e n p r o d u c t i o n 
and d i s p e r s a l was low, ( i . e . l a t e w i n t e r and e a r l y - s o r i n g and 
autumn and e a r l y w i n t e r ) . T h e components of the v e g e t a t i o n 
s u r r o u n d i n g the s a m p l i n g s i t e were n o t e d so t h a t i f 
c o n t a m i n a t i o n was s u s p e c t e d by r e c e n t p o l l e n a t any l e v e l i t 
c o u l d be r e l a t e d to l o c a l c o n d i t i o n s . V/hen b o r i n g , a sod was 
f i r s t removed f r o m the s u r f a c e and the f i r s t samples t a k e n 
f rom i t . T h e r e a f t e r , s a m p l i n g v/as c a r r i e d out i n a l t e r n a t e 
h o l e s a t s u c c e s s i v e d e p t h s , the d i s t a n c e between the h o l e s 
b e i n g o n l y a few c e n t i m e t r e s , t h u s l e s s e n i n g the r i s k of 
c a r r y i n g m a t e r i a l down the b o r e h o l e , and p r e v e n t i n g the 
d i s t u r b a n c e of sed iment where one sample ended and the o t h e r 
b e g a n , A H s a m p l e r s were p u s h e d down v e r t i c a l l y , and not 
s c r e w e d u n l e s s a b s o l u t e l y n e c e s s a r y , t h e r e b y k e e p i n g the 
h o l e s c l e a n , p r e v e n t i n g d i s t o r t i o n of s ed iment zmd e n s u r i n g 
t h a t any e r r o r s i n s a m p l i n g d e p t h were m i n i m a l . B e f o r e 
s a m p l i n g took p l a c e , a s much d e t a i l a s p o s s i b l e was r e c o r d e d 
a b o u t the s e d i m e n t , f o r e x a m p l e , t y p e , m a c r o - f o s s i l s , c o l o u r 
and d e g r e e of h u m i f i c a t i o n . S a m p l e s f rom the S o i l S u r v e y of 
S c o t l a n d b o r e r were t a k e n by p l a c i n g a 50 cm. l e n g t h of p l a s t i c 
g u t t e r i n g o v e r the h a l f c y l i n d r i c a l sample on the a n c h o r p l a t e 
and c a r e f u l l y s l i d i n g i t o f f . I t was t h e n marked w i t h i t s 
a p p r o p r i a t e d e p t h s and s e c u r e l y wrapped i n p o l y t h e n e s h e e t 
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o r a l u m i n i u m f o i l , l a b e l l e d a g a i n f o r s a f e t y , s e a l e d and 
removed to the l a b o r a t o r y . 
H i H e r s a m p l e s f rom the l i n e r s were removed, marked and 
s e a l e d i n e x a c t l y the same way; or a l t e r n a t i v e l y , seunoles a t 
r e q u i r e d i n t e r v a l s t a k e n d i r e c t l y from the chamber w i t h a 
s p a t u l a and p l a c e d i n s m a l l g l a s s tubes w h i c h were t h e n 
s t o p p e r e d and l a b e l l e d f o r l a b o r a t o r y e x e i m i n a t i o n . 
A l l s a m p l i n g d e v i c e s , a f t e r e a c h s a m p l e , w e r e t h o r o u g h l y 
c l e a n e d and s l u i c e d w i t h w a t e r ( a much e a s i e r t a s k w i t h a 
S o i l S u r v e y type s a m p l e r t h a n a H i l l e r ) , r e a d y f o r the n e x t 
50 c m , c o r e . I n the l a b o r a t o r y , the samples were c h e c k e d , 
r e c o r d e d a n d t h e n s t o r e d at a low t e m p e r a t u r e and i n damp 
c o n d i t i o n s . Damp samples a r e f a r . m o r e e a s y to work and a 
low t e m p e r a t u r e r e d u c e s any c h e m i c a l c h a n g e s t e n d i n g to o c c u r . 
( \7est , 1968) . 
The d e s i g n a t i o n of v a r i o u s s ed iment t y p e s ( F i g u r e 4) 
was l a r g e l y b a s e d on d e t e r m i n a t i o n s made i n the f i e l d , but 
a l s o l a b o r a t o r y e x a m i n a t i o n was u s e d i n some c a s e s . 
The s y s t e m s u s e d by v a r i o u s a u t h o r s ; p r i n c i p a l l y O s v a l d 
(1923, 1 9 4 9 ) , T r o e l s - S m i t h ( 1 9 5 5 ) , F a e g r i and I v e r s e n (1964) 
and West ( 1 9 6 8 ) have been drawn upon i n the c a t e g o r i s a t i o n 
of the f o l l o w i n g sed iment t y p e s . The n o m e n c l a t u r e u s e d i n 
d e s c r i b i n g f l o w e r i n g p l a n t s i s t h a t of C l a p h a m , T u t i n and 
Warburg ( 1 9 6 2 ) , and .bryophytes t h a t of Warburg ( 1 9 6 3 ) . 
C a r e x P e a t T e l m a t i c and e u t r o p h i c , dominated by sedges of 
t e r r e s t r i a l and s e m i - t e r r e s t r i a l h a b i t a t s . 
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E r i o p h o r u m P e a t . T e l m a t i c or t e r r e s t r i a l and o l i g o t r o n h i c , 
c h a r a c t e r i s e d by the s h i n y f i b r o u s t u s s o c k s of E r i o p h o r u m 
v a g i n a t u m . 
P h r a g m i t e s P e a t . L i m n i c and e u t r o p h i c , formed by r e e d swamp. 
'Hood P e a t . T e r r e s t r i a l and e u t r o p h i c , u s u a l l y the r e s u l t of 
a f e n communi ty , and dominated by a l d e r or b i r c h wood. 
Sphagnum P e a t . T e l m a t i c or t e r r e s t r i a l and o l i g o t r o p h i c , 
c o n t a i n i n g e i t h e r or both of p o o l and hiimmock f o r m i n g s p e c i e s 
of Sphagnum b o g s « 
B r y o p h y t e P e a t , T e l m a t i c and e u t r o p h i c , c o n t a i n i n g f e n 
m o s s e s s u c h a s A c r o c l a d i u m . A u l a c o m n i u m . C a m p y l i u m . 
C r a t o n e u r o n . D i c r a n u m and D r e p a n o c l a d u s . a s w e l l a s oT>hagna. 
p r i n c i p a l l y S . p lumulosum and S . sub - secundum. 
F i n e D e t r i t u s I'lud. L i m n i c and e u t r o p h i c c o m p r i s i n g not 
e a s i l y i d e n t i f i a b l e p l a n t r e m a i n s and fev/ f r u i t s and s e e d s . 
A deep w a t e r d e p o s i t . 
C a l c a r e o u s M a r l , A l i m n i c and e u t r o p h i c d e t r i t u s mud r i c h 
i n s h e l l s and s h e l l f r a g m e n t s , w i t h a f a i r l y c o a r s e m a t r i x 
c o n t a i n i n g sedges and b r y o p h y t e s . 
L a c u s t r i n e C l a y Mud. L i m n i c and e u t r o p h i c . A m i x t u r e of 
c l a y a n d o r g a n i c r e m a i n s of a. f a i r l y f i n e t e x t u r e . 
S o l i f l u c t i o n C l a y , L i m n i c o r t e r r e s t r i a l , A c o a r s e , sandy 
and o f t e n t e n a c i o u s d e p o s i t w i t h s u b - a n g u l a r p e b b l e s and 
few o r g a n i c r e m a i n s . A p r o d u c t of a p e r i g l a c i a l e n v i r o n m e n t . 
A. 
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C . o l l u v i u m . T e r r e s t r i a l , F i n e and s i l t y w i t h o r g a n i c r e m a i n s , 
and somet imes s t o n e s i n the m a t r i x . Formed under temperate 
c o n d i t i o n s by s l o p e p r o c e s s e s . 
S a n d s and G r a v e l s . L i m n i c or t e r r e s t r i a l f l u v i o - g l a c i a l 
d e p o s i t s formed e i t h e r u n d e r i c e o r n e a r i t s m a r g i n . 
B e d r o c k . A P r e - Q u a t e r n a r y , s o l i d b a s a l d e p o s i t . 
D i s t u r b e d Sed iment o r Made G r o u n d . Any sed iment w h i c h h a s 
been a l t e r e d i n some way , u s u a l l y by human i n f l u e n c e s such a s 
r e m o v a l , r e d e p o s i t i o n , d r a i n a g e o r c u l t i v a t i o n . 
L a b o r a t o r y T e c h n i q u e s . 
( 1 ) The P r e p a r a t i o n o f S a m p l e s f o r P o l l e n A n a l y s i s 
S a m p l e s f o r p o l l e n a n a l y s i s a r e c h e m i c a l l y t r e a t e d to 
remove the o r g a n i c and i n o r g a n i c m a t e r i a l w h i c h o b s c u r e s the 
p o l l e n . Not a l l samples need e v e r y t r e a t m e n t , and a f a i r l y 
w ide r a n g e of p r o c e d u r e s a r e a v a i l a b l e f o r use on any p a r t i c u l a r 
s e d i m e n t . The methods u s e d were t h o s e from w h i c h the b e s t 
r e s u l t s w e r e o b t a i n e d , w i t h c e r t a i n b a s i c p r i n c i p l e s common to . 
a l l t r e a t m e n t s . U s i n g f r e s h l y made-up r e a g e n t s f o r e a c h s e t 
of p r e p a r a t i o n s , a l l samples were washed and c e n t r i f u g e d 
b e t w e e n e a c h t r e a t m e n t . 50 m l . p o l y p r o p y l e n e c e n t r i f u g e t ube s 
were u s e d i n . n e a r l y a l l c a s e s , e x c e p t f o r samples w h i c h d i d not 
s e t t l e , when 15 m l . ones were b e t t e r . C e n t r i f u g e t i m e s f o r 
50 m l . sample tubes were about 4 m i n u t e s a t 2 , 0 0 0 R.P.V.; f o r 
15 m l . t u b e s , 2 m i n u t e s a t 2 , 0 0 0 R . P . M . B e f o r e c e n t r i f u g i n g , 
the tube c o n t e n t s were m i x e d w i t h a s m a l l q u a n t i t y of d i s t i l l e d 
w a t e r and b a l a n c e d i n p a i r s f o r the p r o c e s s , a f t e r w h i c h 
58 
d e c a n t i n g of the s u p e r n a t a n t l i q u i d was c a r e f u l l y done i n 
one movement o v e r a s i n k , i n the fvune c u p b o a r d . 
T h e methods o u t l i n e d b e l o w , were u s e d i n a n a l y s i s : -
B r e a k i n g up of S e d i m e n t s 
A . N o n - s i l i c e o u s ?'uds and C l a y s 
P u t a s m a l l q u a n t i t y of the sample on a w a t c h g l a s s and 
add d i l u t e H C l . I f e f f e r v e s c e n c e o c c u r s , put about 2 grams 
i n a b e a k e r w i t h 7% H C l , s t i x a d d i n g more a c i d u n t i l the 
r e a c t i o n i s c o m p l e t e . F r o t h i n g c a n be m i n i m i s e d by a j e t of 
a c e t o n e o r a l c o h o l . F i l t e r a s f o r P e a t s . 
B . P e a t s 
( 1 ) P u t about 2 grams of sample i n a b o i l i n g tube ( n o r m a l l y 
e i g h t were u s e d i n e a c h p r e p a r a t i o n ) , w i t h about 20 m l . 
of ICfo NaOH. and b r e a k up w i t h a g l a s s r o d . P l a c e i n a 
b o i l i n g w a t e r b a t h u n t i l a thorough breakdown of the sediment 
o c c u r s , w i t h no lumps r e m a i n i n g . T h i s may take up to one 
h o u r , 
(2 ) F i l t e r the s u s p e n s i o n t h r o u g h a f i n e s i e v e ( 1 0 0 mesh to 
the i n c h ) i n t o a c e n t r i f u g e t u b e , 
(3 ) V/ash the r e m a i n i n g sed iment towards the c e n t r e of the 
s i e v e w i t h d i s t i l l e d w a t e r . I n v e r t s i e v e , v/asl?ing the 
s e d i m e n t i n t o a P e t r i - D i s h , L a b e l and k e e p the r e s i d u e damp 
f o r s u b s e q u e n t e x a m i n a t i o n . 
(4 ) C e n t r i f u g e and d e c a n t s u p e r n a t a n t l i q u i d , w h i c h a t f i r s t 
w i l l be d a r k brov/n, i n d i c a t i n g the p r e s e n c e of a l o t of 
humic m a t e r i a l . 
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( 5 ) R e p e a t w a s h i n g , c e n t r i f u g i n g and d e c a n t i n g u n t i l the 
s u p e r n a t a n t l i q u i d i s c l e a r . 
C . S i l i c e o u s S a m p l e s 
A c o m b i n a t i o n of methods A and B o r one of them, may 
be a p r e r e q u i s i t e to t h i s p r o c e s s , or a f r e s h sample c o u l d 
be u s e d . 
(1 ) To the r e s i d u e of a p r e v i o u s p r o c e s s , or to about j c c . 
o f m a t e r i a l p l a c e d i n a p o l y p r o p y l e n e t u b e , add a s m a l l 
q u a n t i t y of K C l . and mix t h o r o u g h l y . 
( 2 ) Add to t h i s ^ of a tube f u U of bOvL '"ydrof l u o r i c A c i d CvT) 
( 3 ) B o i l g e n t l y i n a w a t e r b a t h f o r a s long a s i s r e q u i r e r l to 
e f f e c t a breakdown of tlie s i l i c a c o n t e n t ( 3 0 m i n u t e s to 
12 h o u r s ) . 
(4 ) C a r e f u l l y b a l a n c e tubes w i t h 7% I I C l , c e n t r i f u g e , d e c a n t 
i n t o f u m e - c u p b o a r d s i n k , f l u s l ? i n g w i t h viater c o n s t a n t l y . 
( 5 ) Add J tube of T^s K C l j m i x , p l a c e i n a v / a t e r - b a t h , h e a t f o r 
5 - 1 0 m i n u t e s , but' do not b o i l the s a m p l e . T h i s removes 
c o l l o i d a l s i l i c o n d i o x i d e and s i l i c o f l u o r i d e s . 
(6 ) C e n t r i f u g e and d e c a n t . 
( 7 ) Add a fev/ d r o p s of NaOJJ to the n e x t w a s h i n g w a t e r , ' . je lping 
the n e u t r a l i s a t i o n of the a c i d i c t r e a t m e n t s . C e n t r i f u g e 
and d e c a n t . 
The P r e p a r a t i o n of P o l l e n I 'ounts 
(1 ) F r o m the f i n a l r e s i c - u e of any of the p r o c e s s e s A - C , 
c a r e f u l l y e x p e l a l l vjater by i n v e r t i n s the tubes o v e r a 
f i l t e r papier to d r a i n . 
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( 2 ) . When t h i s i s c o m p l e t e , add 3 - 6 d r o p s of g l y c e r o l to 
e a c h tube w i t h a g l a s s r o d , and 1 drop of b a s i c aqeous 
f u c h s i n s t a i n w i t h a p i p e t t e . 
(3 ) T h o r o u g h l y m i x the c o n t e n t s of the t u b e , u s i n g an e l e c t r i c , 
p r e s s u r e c o n t a c t m i x e r . 
(4 ) T r a n s f e r p r e p a r a t i o n to a s m a l l s t o p p e r e d tube l a b e l l e d 
a p p r o p r i a t e l y . . 
( 5 ) Make up one s l i d e , u s i n g a g l a s s r o d to s t r e a k out the 
m a t e r i a l on to i t , t h e n g e n t l y l o w e r a l a r g e (22 x 40 mm.) 
c o v e r s l i p o v e r i t , Exajn ine u n d e r a low power m i c r o s c o p e 
to s e e i f the p r e p a r a t i o n i s s a t i s f a c t o r y . I f t h i s i s so 
i t c a n be s e a l e d a r o u n d the c o v e r s l i p edges w i t h p a r a f f i n 
wax o r n a i l p o l i s h . T h i s p r e v e n t s d r y i n g o u t , and 
movement of- m a t e r i a l on the s l i d e , w h i c h i s then l a b e l l e d , 
and i s r e a d y f o r p o l l e n c o u n t i n g . 
P o l l e n C o u n t i n g 
A Z e i s s , " S t a n d a r d WL" R e s e a r c h M i c r o s c o p e v/i th a m e c h a n i c a l 5l | 
s t a g e was u s e d f o r c o u n t i n g , w h i c h was c a r r i e d out a t a 
m a g n i f i c a t i o n of X 400 f o r r o u t i n e w o r k , and up to X 1200 f o r 
g r a i n s r e q u i r i n g c r i t i c a l r e s o l u t i o n w i t h o i l immers ion m e d i a , 
A n i s o l was u s e d a s i m m e r s i o n l i q u i d , d r y i n g q u i c k l y and b e i n g 
e a s i l y r e m o v a b l e from s l i d e s and l e n s e s , though t e n d i n g to 
d i s s o l v e n a i l p o l i s h s e a l i n g . F o r P h a s e - C o n t r a s t w o r k , a 
V i c k e r s R e s e a r c h P h a s e - C o n t r a s t u n i t was u s e d w i t h a V i c k e r s 
"M15C" R e s e a r c h M i c r o s c o p e , e n a b l i n g d e t a i l e d s c u l p t u r i n g 
p a t t e r n s to be s e e n on i n d i v i d u a l p o l l e n g r a i n s . 
C o u n t i n g was done by t r a v e r s i n g the l e n g t h of the s l i d e 
a t a s t a n d a r d i n t e r v a l of 2 f i e l d d i a m e t e r s a p a r t . The whole 
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s l i d e was t r a v e r s e d to compensate f o r the uneven d i s t r i b u t i o n 
of p o l l e n g r a i n s on m i c r o s c o p e s l i d e s . ( B r o o k s and Thomas, 1 9 6 7 ) . 
A n o t e of the number of t r a v e r s e s was k e p t , t h e r e b y g i v i n g a 
r o u g h i d e a of the p o l l e n f r e q u e n c y on e a c h s l i d e . E a c h g r a i n 
i d e n t i f i e d was r e c o r d e d on a M u l t i - U n i t hand o p e r a t e d C o u n t i n g 
M a c h i n e , l a t e r b e i n g t r a n s f e r r e d to a s h e e t w i t h the m a i n p o l l e n 
t y p e s p r i n t e d on i t , a s a t o t a l number of g r a i n s . T r a v e r s i n g 
was c o n t i n u e d u n t i l the r e q u i s i t e number o f g r a i n s were 
e n c o u n t e r e d , t h i s somet imes i n v o l v i n g s e v e r a l s l i d e s p e r 
s a m p l e . P o s i t i o n s of unknown g r a i n s w e r e marked w i t h I n d i a n 
i n k , and a n o t e made of the m e c h a n i c a l s t a g e c o - o r d i n a t e s f o r 
t h a t p o i n t . A t t h e c o n c l u s i o n of e a c h c o u n t , the s l i d e was 
t r a v e r s e d q u i c k l y at a l ower m a g n i f i c a t i o n f o r the p o s s i b l e 
p r e s e n c e o f i s o l a t e d g r a i n s not r e c o r d e d i n the m a i n c o u n t ; 
and f i n a l l y , a t t e m p t was made a t unknown i d e n t i f i c a t i o n s . 
The P o l l e n K e y s of F a e g r i and I v e r s e n (1964) were u s e d , 
s u p p l e m e n t e d by t h a t of E r d t m a n ( 1 9 6 6 ) , and the v a r i o u s 
s p e c i a l i s e d k e y s f o r p r o b l e m a t i c a l t a x a , f o r example , t h a t of 
O l d f i e l d ( 1 9 5 9 ) f o r the E r i c a l e s and B i r k s (1968) f o r B e t u l a 
n a n a . 
The P o l l e n Sum and the P o l l e n D i a g r a m s 
The b a s i c p r i n c i p l e of p o l l e n a n a l y s i s i n v o l v e s the 
e x p r e s s i o n of the r e l a t i v e f r e q u e n c y of p o l l e n g r a i n s a s p e r c e n t a g e ! 
of a t o t a l . The v a r i a t i o n s of t h e s e p e r c e n t a g e s may be f o l l o w e d 
t h r o u g h t h e s e c t i o n of a d e p o s i t , and g i v e a q u a n t i t a t i v e 
e x p r e s s i o n of the c h a n g e s i n the v e g e t a t i o n c o v e r d u r i n g the 
p e r i o d of i t s f o r m a t i o n . I t h a s been assumed t h a t p o l l e n 
g r a i n s a r e e v e n l y d i s t r i b u t e d and t h a t t h e i r a b s e n c e from a 
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s u r f a c e i n d i c a t e s t h a t the s p e c i e s i n q u e s t i o n d i d not o c c u r 
a t t h a t t i m e i n t h a t l o c a l i t y . However , a s the s c i e n c e of 
pca lyno logy h a s p r o g r e s s e d , c o n s i d e r a b l e thought has been g i v e n 
a s to the v a l i d i t y of s u c h c o n c e p t s , and r e f e r e n c e to the 
work o f M . B . D a v i s ( 1 9 6 0 , 1 9 6 3 ) , on the s t a t i s t i c a l t h e o r y 
of p o l l e n a n a l y s i s , and H . T a u b e r ( 1 9 6 5 ) , on prob lems o f 
d i f f e r e n t i a l p o l l e n d i s p e r s i o n and the i n t e r p r e t a t i o n of 
p o l l e n d i a g r a m s , p r o v i d e s exsimples of s u c h r e s e a r c h f r o n t i e r s . 
The b a s i s f o r a l l c a l c u l a t i o n s i s the p o l l e n sum, t h i s 
s h o u l d c o m p r i s e a l l a n e m o p h i l o u s s p e c i e s t h a t a r e p a r t of the 
p l a n t c o m m u n i t i e s under c o n s i d e r a t i o n , and f rom i t , p e r c e n t a g e 
f r e q u e n c i e s a r e worked out ( F a e g r i and I v e r s e n , 1964) . I n the 
r e s e a r c h u n d e r t a k e n , w i t h t h e m a i n a im the e l u c i d a t i o n of 
r e g i o n a l e n v i r o n m e n t a l c o n d i t i o n s i n b o t h L a t e and P o s t - g l a c i a l 
t i m e , two t y p e s of p o l l e n sum were u s e d . F i r s t l y , f o r the 
r e l a t i v e l y low p o l l e n f r e q u e n c i e s c h a r a c t e r i s t i c of L a t e -
'vg lac ia l d e p o s i t s , and r e l a t e d to the g e n e r a l l y open h a b i t a t s 
of t h i s p e r i o d , a t o t a l p o l l e n sum o f a t l e a s t 300 d r y l a n d 
p o l l e n g r a i n s was u s e d ( i n c l u d i n g a l l t r e e s , s h r u b s and h e r b s , 
e x c l u d i n g p o l l e n of a q u a t i c p l a n t s and s p o r e s of p t e r i d o p h y t e s 
and b r y o p h y t e s ) , The p u r p o s e of such a sum i s to e n s u r e a 
b a l a n c e d i n d i c a t i o n of t h e t y p e s of v e g e t a t i o n tha t e x i s t e d 
a t l o c a l and r e g i o n a l l e v e l a t t h i s p e r i o d . S e c o n d l y , f o r 
the f o r e s t e d e n v i r o n m e n t s of P o s t - g l a c i a l t i m e , when p o l l e n 
p r o d u c t i o n was h i g h , a sum o f 200 t o t a l t r e e p o l l e n was u s e d , 
( i n c l u d i n g P i o u s , B e t u l a . U l m u s . Q u e r e u s . T i l i a , A l n ^ s , 
F r a x i n u s a n d F a g u s , e x c l u d i n g C o r y l u s and S a l i x ) , P r o b l e m s 
of o v e r - r e p r e s e n t a t i o n a t p a r t i c u l a r s i t e s were c o n s i d e r e d , 
p a r t i c u l a r l y i n r e l a t i o n to B e t u l a and A l n u s p o l l e n , b u t i t 
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was f e l t t h a t t h e i r t o t a l e x c l u s i o n from the sum, when t h e r e 
was e v i d e n c e of t h e i r e x i s t e n c e from m a c r o - f o s s i l s a t a 
l i m i t e d number of h o r i z o n s o n l y , was not w a r r a n t e d . Any such 
e x c l u s i o n s must be c o n s i s t e n t t h r o u g h o u t the w o r k , f o r 
u n w e i g h t e d c o m p a r a b i l i t y , and t h i s would have been i m p r a c t i c a b l e 
P e r c e n t a g e r e s u l t s of a n a l y s e s a r e b e s t e x p r e s s e d i n 
the f o r m of a d i a g r a m . D i a g r a m f o r m a t v a r i e s from a u t h o r to 
a u t h o r , but a b a s i c component a r e h o r i z o n t a l l i n e s r e p r e s e n t i n g 
the p e r c e n t a g e of e a c h s p e c i e s a t a p a r t i c u l a r sample l e v e l . 
E a c h h o r i z o n t a l l i n e i s c a l l e d a p o l l e n s p e c t r u m , w i t h a 
p o l l e n d i a g r a m c o n s i s t i , n g of a number of s u c h s p e c t r a from 
d i f f e r e n t v e r t i c a l l e v e l s . The d i a g r a m s from C l e v e l a n d have 
been drawn on the " R e s o l v e d " p a t t e r n ( F a e g r i and I v e r s e n , 1 9 6 4 ) , 
i n the f o r m of "saw b l a d e s " , a s the m a i n aim was i n t e r -
r e g i o n a l c o m p a r i s o n , where f i n e r d e t a i l s ( a s r e v e a l e d w e l l 
by " b a r " d i a g r a m s ) , a r e l e s s i m p o r t a n t t h a n g e n e r a l f e a t u ' r e s . 
At the l e f t hand s i d e of e a c h d i a g r a m , i s a s t r a t i f ; r a p h i c a l 
co lumn showing the n a t u r e of the d e p o s i t s a n a l y s e d , w h i l e a t 
i t s r i g h t e x t r e m i t y a c o m p o s i t e d i a g r a m b a s e d on a T r e e / S h r u b / 
H e r b / t o t a l p o l l e n sxm h a s been d r a w n . No o r i g i n a l d a t a t a b l e s 
a r e a p p e n d i x e d , the c o n t e n t s of such t a b l e s a r e d i f f i c u l t to 
g r a s p , p u b l i c a t i o n of b o t h t a b l e s and d i a g r a m s i s c o s t l y a n d , 
i n the v i e w of the a u t h o r , u n n e c e s s a r y i n the c a s e of the 
f o r m e r . 
P o l l e n A n a l y t i c a l Zones 
C o n s i s t e n t and c a r e f u l z o n a t i o n of p o l l e n diagreims i s 
e s s e n t i a l , and i t i s u s u a l l y b a s e d upon a scheme r e l e v a n t to 
the p a r t i c u l a r a r e a of s t u d y . F o r n o r t h - e a s t Y o r k s h i r e , 
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D i m b l e b y ( 1962) and Sii.i . ions ( 1969a) have f o l l o w e d the 
scheme of Godwin ( 1 9 5 6 ) , r e l a t e d to E n g l a n d and V / a l e s , 
though Si-'mons zoned h i s l a t e r P o s t - g l a c i a l d e p o s i t s a c c o r d i n g 
to h i s own system., b a s e d upon i n d i c a t i o n s of human a c t i v i t y . 
E a r l i e r , Goav/ in and " 'a lker ( 1954) e s t a b l i s h e d a r e g i o n a l 
v e g e t a t i o n a l h i s t o r y f o r the V a l e of P i c k e r i n g a r e a , u s i n g 
the scheme f i n a l i s e d by Godwin ( 1 9 5 6 ) , and the p r e s e n t 
r e s e a r c J - f o l l o w s t h i s i n l a r g e p a r t , a s i t h a s s i m i l a r 
o b j e c t i v e s , though t h e r e i s a l o c a l s u b - d i v i s i o n of combined 
z o n e s V l l b end V I I I i n the P o s t - g l a c i a l , and of Zone I I i n 
the L a t e - g l a c i a l . 
I'^acrof o s s i 1 A n a l y s i s 
P l a n t m a c r o f o s s i l s a r e o o s t l y d e r i v e d from v e g e t a t i o n 
g r o w i n g l o c a l l y , n e a r the s i t e of d e p o s i t i o n , e i t h e r a c t u a l l y 
i n s i t u , or f rom a s h o r t d i s t a n c e away, where they n a y have 
b e e n b r o u g h t by r u n n i n g w a t e r or s o l i f l u c t i o n . T h e y a r e 
t h u s good i n d i c a t o r s of l o c a l e n v i r o n m e n t a l changes through 
t i m e , and c a n be u s e d , t o g e t h e r w i t h m i c r o f o s s i l e v i d e n c e , to 
b u i l d up a more comple t e p i c t u r e o f p a s t l a n d s c a p e s . T h i s 
was c o n s i d e r e d a n i m p o r t a n t p a r t of the work i n C l e v e l a n d , 
and the f o l l o w i n g methods o f a n a l y s i s o f m a c r o f o s s i l s were 
u s e d : -
S i e v e F r a g m e n t E x a m i n A t i o n 
The mp. t e r i a l w h i c h wou ld not p a s s through a 100 .-nesh 
s i e v e d u r i n g p o l l e n p r e p a r a t i o n was r e t a i n e d f o r a n a l y s i s 
u n d e r a low pov/er (X 6 - X 10) b i n o c u l a r m i c r o s c o p e . Any 
p r e s e r v e d p l a n t f r a g m e n t s were removed u s i n g a s m a l l p a i n t 
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b r u s h o r a p i p e t t e , and t emporary s l i d e m.ounts made f o r h i g h e r 
power e x a m i n a t i o n . I n t h i s way f r a g m e n t s of m o s s , s e e d s , 
f r u i t s , wood and c h a r c o a l c a n be i d e n t i f i e d w i t h the a i d o f 
k e y s s u c h a s D i x o n ' s ' S t u d e n t ' s Handbook of B r i t i s h ^ 'osses ' 
( 1 9 5 4 ) , K a t z , K a t z a n d K i p i a n i ' s ' A t l a s and i''eys of F r u i t s 
and S e e d s o c c u r r i n g i n the Q u a t e r n a . r Y Dego JI^S._G._Rj_' 
( 1 9 6 5 ) and K o r b e r - G r o h n e ' s ' K e y to s u b - f o s s i l J u n c u s r e m a i n s ' 
( 1 9 6 4 ) . 
E x t r a c t i o n f rom F r e s h M a t e r i a l 
(1 ) B r e a k up lumps o f m a t e r i a l a l o n g the bedd ing p l a n e s 
and p i c k out any l e a v e s o r l a r g e moss s t e m s . 
( 2 ) P u t s m a l l p i e c e s of m a t e r i a l i n t o a b a s i n and c o v e r 
w i t h e i t h e r 10% TMO^ or 5% NaOJI. The f o r m e r i s s u i t a b l e 
f o r p l a n t t i s s u e s , the l a t t e r f o r f i n e l y comminuted muds. 
L e a v e i n a fume c u p b o a r d f o r 1 d a y , s t i r r i n g o c c a s i o n a l l y 
u n t i l a l l the liunps have b r o k e n down. 
(3 ) Remove any s e e d s o r o t h e r f o s s i l s t h a t have f l o a t e d to 
the t o p , 
( 4 ) P u t about 2 m l . of the sed iment on a lOO mesh s i e v e , 
and wash u n t i l the x /ash in^ w a t e r becomes c l e a r . C o a r s e 
d e t r i t u s may r e o u i r e a l a r g e r mesh s i e v e (about 35 n e s h 
to the i n c h ) , p l a c e d above the f i n e r o n e , the 2 f r a c t i o n s 
b e i n g examined s e p a r a t e l y . 
(5 ) T i p the f r a c t i o n s i n t o d i s h e s , add w a t e r and l i f t out 
s e e d s , f r u i t s , and o t h e r i d e n t i f i a b l e r e m a i n s u s i n g a 
f i n e p a i n t b r u s h . M a g n i f i c a t i o n of the r e m a i n s v/i th a 
low power b i n o c u l a r m i c r o s c o p e may be n e c e s s a r y f o r t h i s 
p u r p o s e , 
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(6) C o l l e c t i d e n t i f i a b l e r e n a i n s on a da"ip f i l t e r p a p e r i n 
a P e t r i - d i s h . 
(7 ) A f t e r i d e n t i f i c a t i o n ( u s i n g the a p p r o p r i a t e l;eys and 
t y p e c o l l e c t i o n s ) , the r e m a i n s s h o u l d be s t o r e d i n 
s m a l l t u b e s i n a m i x t u r e of g l y c e r i n e , a l c o h o l and 
f o r m a l i n , and l a b e l l e d f o r f u t u r e r e f e r e n c e . 
R a d i o c a r b o n D a t i n g 
R a d i o c a r b o n d a t i n g was c a r r i e d out a t the R a d i o c a r b o n 
D a t i n g L a b o r a t o r y of Gal- .ushuin U n i v e r s i t y , T o k y o , J a p a n , 
by P r o f e s s o r K . K i g o s h i . Two s a m p l e s , the ages of w h i c h a r e 
q u o t e d i n the r e l e v a n t p a r t s of the t e x t , v/ere d a t e d . The 
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c a l c u l a t i o n of age i s b a s e d on the h a l f l i f e of c a r b o n , 
5568 y e a r s ( J o h n s o n , 1 9 6 6 ) , w i t h the e r r o r i n y e a r s , the 
s t a n d a r d d e v i a t i o n , c a l c u l a t e d from the c o u n t e d number of 
b e t a r a y s , and the r e f e r e n c e y e a r f o r a l l d a t e s , e i t h e r on 
the B P o r B C / A D s y s t e m i s 1950. 
A d d i t i o n a l T e c h n i q u e s 
T h e s e m a i n l y took two f o r m s . F i r s t l y , f i e l d c o l l e c t i o n 
and r e c o r d i n g of s u c h d a t a c o n c e r n i n g the p h y s i c a l l a n d s c a p e 
of the r e g i o n c o n s i d e r e d n e c e s s a r y to sunplement i n d i v i d u a l 
s i t e d a t a . S e c o n d l y , l i t e r a t u r e s e a r c h i n g f o r documentary 
e v i d e n c e o f the e v o l u t i o n of b o t h the p h y s i c a l and c u l t u r a l 
e n v i r o n m e n t s of the a r e a . 
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CHAPTER 3 
R E S U L T S OF INVESTIGATIONS 
T h i s c h a p t e r c o n s i s t s of s y s t e m a t i c d e s c r i p t i o n s 
o f the r e s u l t s o b t a i n e d f o r e a c h of the f i v e s i t e s , 
t o g e t h e r w i t h a s p e c i f i c o u t l i n e of the e c o l o g i c a l 
e v o l u t i o n of e a c h and i t s e n v i r o n s , 
3 . 1 S t r a t i g r a p h y and P o l l e n A n a l y s i s a t Geamer C a r r s 
Sesuner C a r r s a r e s i t u a t e d some 10 k i l o m e t r e s 
(6 m i l e s ) s o u t h of T e e s i d e and 2 k i l o m e t r e s (1 m i l e ) 
n o r t h - w e s t of S t o k e s l e y , o c c u p y i n g a ho l lov / i n the d r i f t 
o f the T T e i c h s e l i a n g l a c i a t i o n a t j u s t below 70 m e t r e s 
( 2 2 5 f e e t ) O . D . , w e l l w i t h i n the i c e l i m i t s of t h i s 
g l a c i a l p e r i o d w h i c h a r e found a r o u n d Y o r k 70 k i l o m e t r e s 
( 4 5 m i l e s ) to the sou th ( F i g u r e 1) ( P l a t e 1 ) . 
T o p o g r a p h y 
The l a n d f o r m s i n the n e i g h b o u r h o o d of Seamer 
c o n s i s t of a s e r i e s of v / e l l d e v e l o p e d 'VS^-E?1E t r e n d i n g 
sand and g r a v e l mounds u n d e r l a i n by a r e r V U s h b o u l d e r 
c l a y . The most s o u t h e r l y and d i s t i n c t of t h e s e r u n s 
f r o m n e a r H i l t o n (NZ 466115) to the e a s t of ^aaraer 
t a k i n g the f o r m of mounds of ou twash s e p a r a t e d by s l i g h t 
but q u i t e e x t e n s i v e h o l l o w s , some of w h i c h co i^ta in an 
i n f i l l i n g of s e d i m e n t s . S l g e e (1908) and -ladge ( 1935) 
s u g g e s t e d t h a t the v/hole complex of f e a t u r e s h e r e was 
m o r a i n i c , m a r k i n g a s tage i n the r e t r e a t of the l a s t 
i c e s h e e t . L a n d ( p e r s o n a l c o t n n u n i c a t i o n ) c o n s i d e r s 
t h a t the d e p o s i t s a r o u n d Seamer b e l o n g to one 
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g l a c i a t i o n o f t l i e Late ^Ifeichselian, w i t h the l a n d f o r m s 
m a i n l y d r u m l i n s w i t h i n t e r v e n i n g h o l l o w s , some of 
w h i c h a r e k e t t l e h o l e s , 
Seamer C a r r s ( F i g u r e 5 ) , o c c u p y an i r r e g u l a r l y 
s h a p e d d e p r e s s i o n w i t h i n t h i s b e l t , e x t e n d i n g some 
IjOCX) m e t r e s f r o m west to e a s t . A t the w e s t e r n end 
a n arm e x t e n d s n o r t h - s o u t h f o r 600 m e t r e s , but the 
m a j o r i t y of the s i t e i s l e s s than 2 0 0 m e t r e s wide a t 
any p o i n t . 
V e g e t a t i o n 
A t p r e s e n t , the C a r r s a r e under improved l a n d , 
m a i n l y good q u a l i t y damp p a s t u r e l a n d but w i t h some 
a r a b l e a l s o . The netv/ork of d r a i n s (known l o c a l l y a s 
" s t e l l s " ) and t h e i r pumping s t a t i o n , the p e a t y t o p s o i l 
and a s m a l l a r e a of J u n e u s i n f e s t e d g r a s s l a n d , p r o v i d e 
the o n l y e v i d e n c e a s to t h e i r f o r m e r s t a t u s . L o c a l 
f a r m e r s s t a t e t h a t w i t h i n the l a s t c e n t u r y a v a s t T .orass 
c l o t h e d w i t h sedges e x i s t e d h e r e , and ' ^ ' i t c h e l l ( 1965) 
s u g g e s t s t h a t a t t e m p t s to r e c l a i m the C a r r s were made 
a b o u t 1815 . Cr.'-.eron (1G7S) n o t e d t h a t "Sea.Ter C a r r 
( o n c e a l a k e ) , n e a r o t o k e s l e y i n C l e v e l a n d , when b e i n g 
d r a i n e d was f o u n d to be a p e a t bog from v/hic l i numerous 
s k u l l s and a n t l e r s of d e e r and the s k e l e t o n of a l a r g e 
r u m i n a n t a r e s a i d to have been dug o u t . A s tone c e l t 
was a l s o p i c k e d u p " . 
S t r a t i R r a p h y 
The s t r a t i g r a p h y was exp lor . ed by means of tv/o 
i n t e r s e c t i n g t r a n s e c t s of l e v e l l e d b o r i n g s , one 
n o r t h - s o u t h t h r o u g h the c e n t r a l p a r t of the w e s t e r n 
a r m , and one w e s t - e a s t a c r o s s the m i d d l e of the 
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d e p o s i t s ( F i g u r e 5 ) . The r e s u l t s a r e p r e s e n t e d i n 
F i g u r e s 6 and 7 . 
The b a s a l d e p o s i t s a r e s a n d s and g r a v e l s 
o v e r l a i n by a p i n k sandy c l a y , up to 3 m e t r e s i n 
t h i c k n e s s . T h i s c l a y i s t e n a c i o u s and v e r y n u r e but not 
v a r v e d . I n t e r c a l a t e d w i t h i t a r e two d i s t i n c t b l a c k 
o r g a n i c h o r i z o n s s e p a r a t e d by a mixed o r g a n i c - i n o r g a n i c 
d e p o s i t . The l o w e r o r g a n i c h o r i z o n i s the t h i n n e r , about 
12 cm. a s compared w i t h 1 5 - 2 0 cm. f o r the upper one , the 
m i x e d f a c i e s i s about 25 cm. t h i c k . The c l a y becomes 
c o a r s e r and g r e y e r above the o r g a n i c l a y e r s , when 
b r y o p h y t e s a r e a l s o found and i t e v e n t u a l l y p a s s e s to 
2 5 - 3 0 cm. of o r g a n o - m i n e r a l mud. The topography of 
the b a s i n i s s u c h t h a t about 300 m e t r e s f rom the w e s t e r n 
e d g e , a m a r k e d n o r t h - s o u t h r i d g e e x i s t s , t h e r e b y d i v i d i n g 
the h o l l o w i n t o two p a r t s . T h e b a s a l c l a y s a r e s i m i l a r 
i n b o t h p a r t s but they t h i n t o w a r d s the r i d g e where they 
a r e o v e r l a i n by about a m e t r e of c a l c a r e o u s m a r l v/i th 
m o l l u s c a r e m a i n s . T h i s d e p o s i t a l s o o c c u p i e s a s i m i l a r 
s t r a t i g r a p h i c p o s i t i o n o v e r much of the w e s t e r n ' a r m ' . 
The i n t e r f a c e s of t h e s e s e d i m e n t s a r e q u i t e w e l l n a r k e d 
b u t g i v e no i n d i c a t i o n of b r e a k s i n s e q u e n c e . They a r e 
f o l l o v / e d by a f i n e t e x t u r e d brown d e t r i t u s nud w h i c h f i l l s 
the m a j o r i t y of the b a s i n s , a t t a i n i n g a t h i c k n e s s of o v e r 
6 m e t r e s and c o n t a i n i n g f r u i t s o f Potamoneton , nodes 
of E q u i se tun C a r e x and K e n y a n t h e s s e e d s , and B e t u l a 
t w i g s . Above t h i s i s a p e a t , w i t h P h r a g g i t e s d o m i n a n t , 
t w i g s of B e t u l a , A l n u s and f r u i t s of C o r y l u s p r e s e n t , 
e s p e c i a l l y n e a r the m a r g i n s of the m i r e . Two w e l l 
m a r k e d b r y o p h y t e - r i c h h o r i z o n s o c c u r w i t h i n t h i s p e a t 








c o n t a i n i n g a wide v a r i e t y of ' r i c h f e n ' mosses s u c h 
A c r o c l a d i t i n i s p p . and Scorpidixi ir . s c o r p i o i d e s and some 
Sphap;niim s p p . The f i r s t b r y o p h y t e l a y e r i s a t the 
j u n c t i o n of the d e t r i t u s mud and Phragmi t e s p e a t , 
the second m i d - w a y through the p e a t , i m n i e d i a t e l y 
p r i o r to the w o o d . r e m a i n s , the o v e r a l l t h i c k n e s s of 
t h i s d e p o s i t i s about 2 m e t r e s . 
The m a j o r i t y of the m i r e i s s e a l e d by e. l a y e r of 
made g r o u n d , 3 0 - 5 0 err. t h i c k . On the south and e a s t , 
h o w e v e r , where the a d j a c e n t s l o p e s a r e s t e e p e s t , a 
c o v e r i n g of c o l l u v i t i m i s p r e s e n t and e x t e n d s some 
1 5 0 - 2 0 0 m e t r e s a c r o s s the s i t e to a depth o f about 50 cm. 
g r a d u a l l y t h i n n i n g towards the c e n t r a l a r e a s . 
The maximum depth of d e p o s i t r e c o r d e d a t Seamer 
C a r r s was i n e x c e s s of 11 m e t r e s from a s i t e w i t h an a r e a 
of about 6 s q u a r e k i l o m e t r e s . 
P o l l e n and M a c r o f o s s i l A n a l y s i s and C h r o n o l o g y 
S a m p l e s f o r p o l l e n and m a c r o f o s s i l a n a l y s i s were 
c o l l e c t e d i n 1969 . The s t r a t i g r a p h i c r e c o r d from 
f i e l d and l a b o r a t o r y e x a m i n a t i o n of the s e d i m e n t s of 
the sampled s i t e i s : -
0 - 3 0 cm. Made g r o u n d . 
3 0 - 6 2 cm. P u r e ye 1 lowi sh-bro%yn b r y o p h y t e p e a t w i t h 
Sphagnum p l u m u l o s u m , S . t e r e s , S . p a l u s t r e , A c r o c l a d i u m 
gigantev im, £ L n . _ c o r d H _ o H i ^ C r a t o n e u r o n c o n n u t a t u m , 
S c o r p i d i u m s c o r p i o i d e s , Aulacomnium p a l u s t r e , P r e p a n o c l a d u s 
a d u n c u s , P i e r a n u m scopar iurn and I^eurqziu. ' - i s c h r e b e r i , 
o c c a s i o n a l C a r e x , L l ° L y i L ^ ^"^^ E r i c o i d f r a g m e n t s w i t h 
c h a r c o a l . 
6 2 - 1 6 4 cm. Mid-brov /n damp Phragmi t e s p e a t w i t h C a r e x s p p . , 
< s 
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M o l i n i a and Wood. B r y o p h y t e r e m a i n s l o c a l l y abundant 
6 2 - 1 3 0 cm, e s p e c i a l l y Sghagnum s p p . 
1 6 4 - 1 9 0 cm. P u r e mid-brown b r y o o h y t e p e a t w i t h 
A c r o c l a d i u m g i g a n t e u m . A . c o r d i f o l i u m . Aulacomnium 
p a l u s t r e , D r e p a n o c l a d u s f l u i t a n s . D i c r a n u m s c o p a r i u m . 
Sphagnum t e r e s , 3 . s u b - s e c u n d u m . S . s q u a r r o s u m . 
S . f i m b r i a t u m , S . t e n e l l u m , S . . c u s p i d a t u m , 
S . p lumulosum, S . a c u t i f o l i u m , S . rube H u m , S . p a l u s t r e , 
P l e u r o z i u m s c h r e b e r i and P o l y t r i c h u m co-'mune. 
I 9 O - 6 O 3 cm. V i d - b r o w n f i n e d e t r i t u s mud with abundant 
C ^ a r a o o s p o r e s and C? .rex s t e m s . S c a t t e r e d r e m a i n s of 
P h r a g m i t e s . s e eds of J u n c u s s u b - n o d u l o s u s and 
S p o r a n g i a , of T h e l y p t e r i s s p . , s e e d s of Scbjjenogjhe^ 
l a c u s t r i s . Nymphaea s p . , C a r e x s p p . T w i g s and l e a v e s 
o f B e t u l a and A l n u s . L e a v e s of Sphagnum sub-secundum 
( v a r c o n t o r t a ) and A c r o c l a d i u m c u s p i d a t u m . L e a v e s of 
S a l i x s p p . 
6 0 3 - 6 3 4 cm. C o a r s e g r e e n i s h - g r e y c l a y - m u d w i t h C h a r a 
o o s p o r e s , C a r e x stems arid l e a v e s of Ca ip jpyH i r a _s_t^ e_Hja_tjun 
634 -754 cm. J a i r l y c o a r s e g r e y sandy c l a y becoming f i n e r 
t e x t u r e d and p i n k e r w i t h d e p t h . C a r e x and J u n c u s r e m a i n s 
a b u n d a n t . L e a v e s and s tems o f C r a t o n e u r o n commutatum. 
Campyl ium s t e l l a t u m . A c r o c . l a d i u m c u s p i d a t u m , 
A . g i g a n t e u m and D r e p a n o c l a d u s aduncus f r e q u e n t . 
7 5 4 - 7 7 3 cm. B l a c k o r g a n i c mud w i t h C h a r a o o s p o r e s . 
L e a v e s of A c r o c l a d i u m c u s p i d a t u m a t 755 c m . , S a l i x s p . 
a t 770 cm. 
7 7 3 - 7 9 0 cm. O r g a n o - m i n e r a l mud w i t h C h a r a o o s p o r e s and 
C a r e x s t e m s . 
7 9 0 - 8 0 5 cm. B l a c k o r g a n i c mud w i t h C h a r a o o s p o r e s , 
F r u i t of B e t u l a p u b e s c e n s a t 792 cm. 
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8 0 5 - 9 4 0 cm. S t i f f , p i n k sandy c l a y w i t h C a r e x r e m a i n s 
i n u p p e r 2 0 cm. F r u i t of B e t u l a nana a t 810 cm. 
9 4 0 cm. + Sands and g r a v e l s . 
One p o l l e n d i a g r a m ( F i g u r e 8) c o v e r s the L a t e - g l a c i a l 
p e r i o d o n l y and i s b a s e d on a t o t a l p o l l e n sum; the 
o t h e r ( F i g u r e 9) c o v e r s b o t h the L a t e - g l a c i a l and the 
P o s t - g l a c i a l p e r i o d s and i s b a s e d on a t o t a l t r e e p o l l e n 
sum. 
The L a t e - G l a c i a l P e r i o d ( F i g u r e 8) 
H e r e i t i s p o s s i b l e to r e c o g n i z e the f o l l o w i n g 
Zones and S u b - Z o n e s : -
Zone I ( 9 4 0 - 8 1 0 cm. ) 
H e r b a c e o u s dominance , p a r t i c u l a r l y G r a m i n e a e 
and C y p e r a c e a e . a l s o Empetrum. A r t e m i s i a . Ilumex a c e t o s a . 
P o l e m o n i u m . He 1ianthemum. T h a i i c trum and R u b i a c e a e 
( G a l i u m ) . S h r u b s i m p o r t a n t , e s p e c i a l l y B e t u l a n a n a . 
S a l i x , J u n i p e r u s and F^ippophae. the l a t t e r two i n c r e a s i n g 
t o w a r d s the upper zone b o u n d a r y . A r b o r e a l p o l l e n low 
and r e p r e s e n t e d by a s t e a d y B e t u l a but f l u c t u a t i n g 
P i n u s c u r v e . A q u a t i c s q u i t e i m p o r t a n t w i t h Potamo.qieton 
and T y p h a l a t i f o l i a w e l l r e p r e s e n t e d Lycopodium c l a v a t u m , 
L . s e l a g o , O p h i o g l o s s u m and P o l y p o d i u m n o t a b l e p t e r i d o p h y t e s 
P e d i a s t r u m p r e s e n t i n low v a l u e s . 
Zone I I ( 8 1 0 - 7 5 0 cm.) 
C a n be s u b - d i v i d e d t h u s : -
I l a ( 8 1 0 - 7 8 8 cm. ) 
An o v e r a l l r i s e i n p o l l e n f r e q u e n c y , a l s o i n the 
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p r o p o r t i o n of t r e e s and s h r u b s to t h a t of h e r b s . T r e e 
b i r c h e s c o m p r i s e about 20% of the t o t a l p o l l e n sum. 
S a l i x e x p a n d s , B e t u l a n a n a . J u n i p e r u s and T-Uppophae 
d e c l i n e , so do G r a m i n e a e and C y p e r a c e a e . F i l i p e n d u l a 
r i s e s to about 10% of t o t a l p o l l e n , Potamogeton and 
P e d i a s t r u m e x p a n d , L y c o p o d i u m annotintun r e c o r d e d , 
l i b ( 7 8 8 - 7 7 3 cm. ) 
T r e e b i r c h e s f a l l to about 15% of t o t a l p o l l e n 
and B e t u l a nana expands s l i g h t l y , a s do J u n i p e r u s and 
Hippophae n e a r the upper sub-zone , b o u n d a r y , G r a m i n e a e 
and C y p e r a c e a e r e - e x p a n d , 7 i l i p e n d u l a d e c l i n e s but not 
to Zone I p r o p o r t i o n s . Rubus chamaemorus r e c o r d e d , 
l i e ( 7 7 3 - 7 5 0 cm. ) 
A r b o r e a l p o l l e n i n c r e a s e s to 30Tj of t o t a l p o l l e n . 
T r e e b i r c h e s expand a l o n g w i t h P i n u s . B e t u l a n a n a . ^ 
J u n i p e r u s , H i p p o p h a e . G r a m i n e a e , C y p e r a c e a e and most 
h e r b s d e c l i n e , b u t F i 1 i p e n d u l a i n c r e a s e s s h a r p l y . 
A q u a t i c s , e s p e c i a l l y Po tamoge ton , Spargan ium and T y p h a 
l a t i f o l i a e x p a n d , arid P e d i a s t r u m i n c r e a s e s . 
LycopocUum inundatum r e c o r d e d . 
Zone I I I ( 7 5 0 - 6 2 2 cm.) 
H e r b a c e o u s dominance , but a r b o r e a l p o l l e n r e m a i n s 
about 20% of t o t a l p o l l e n . Be t u l a n a n a , S a l i x , 
. J u n i p e r u s and Hippophae r e - e x p a n d . E r h e d r a d i s t a c h y a 
r e c o r d e d n e a r the upper zone b o u n d a r y , where J u n i p e r u s 
r i s e s . G r a m i n e a e and C y p e r a c e a e the dominant h e r b s , 
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w i t h g^mpetrui), T u b u l i f l o r a e , A r t e m i s i a , C a r y o p h y l l a c e a e , 
C r u c i f e r a e . Aanuncu l a c e a e . l i o s a c e a e . jlumex. T h a l i c t r u m 
and T i l i p e n d u l a . A r m e r i a . E p i l o b i u m . D r o s e r a . J a s i o n e 
m o n t a n a . Polemonium and Rubus chajnaemorus r e c o r d e d . 
Ptetddophytes e x p a n d . A q u a t i c s p r e s e n t i n s m a l l amounts . 
The P o s t - G l a c i a l P e r i o d ( F i g u r e 9) 
The f o l l o w i n g z o n e s and s u b - z o n e s a r e d i s c e r n a b l e 
Zone I V ( 6 2 2 - 6 0 0 cm.) 
T o t a l p o l l e n f r e q u e n c y i n c r e a s e s , e s p e c i a l l y 
a r b o r e a l p o l l e n , p r i n c i p a l l y of B e t u l a , . v-'i th P i n u s the 
o n l y o t h e r t r e e p r e s e n t . B e t u l a nana g r a d u a l l y 
d e c l i n e s to e x t i n c t i o n . Non a r b o r e a l p o l l e n f r e q u e n c y 
low, o n l y R o s a c e a e r e t a i n i n g s i g n i f i c a n t v a l u e s . 
A q u a t i c s and P e d i a s t r u m e x p a n d . C o r y l u s a p p e a r s n e a r 
the upper zone b o u n d a r y . 
Zone V ( 6 0 0 - 5 6 2 cm.) 
Lower zone boundary c h a r a c t e r i s e d by a m a s s i v e 
i n c r e a s e i n C o r y l u s w h i c h soon a t t a i n s 25C /^o of t o t a l 
t r e e p o l l e n v a l u e s . B e t u l a d e c l i n e s , but P i n u s expands 
n e a r the u p p e r zone b o u n d a r y . Ulmus and C u e r c u s 
i m m i g r a t e and b e g i n a s low e x p a n s i o n . H e r b s make up 
l e s s t h a n ICf^o of t o t a l p o l l e n . A q u a t i c s , e s p e c i a l l y 
'petamogeton and Wymphaea i m p o r t a n t , a s a r e F i l i c a l e s and 
P e d i a s t r u m . 
Zone V I ( 5 6 2 - 3 7 0 cm.) 
C a n be s u b - d i v i d e d : -
V i a ( 5 6 2 - 5 0 6 cm.) 
. B e t u l a dominant w i t h P i n u s e x p a n d i n g , Ulmus 
r e a c h e s 40^j of t o t a l p o l l e n , Q u e r c u s expands more s l o w l y 
A l n u s f i r s t a p p e a r s . C o r y l u s v a l u e s s t i l l exceed 
> > 












200yc of the t o t a l t r e e p o l l e n sum. H e r b a c e o u s 
v a l u e s low. t ^ r i o p h y l l\im a l t e r n i f l o r u m . S p a r g a n i u m , 
Potamogeton and Nymphaea dominate the a q u a t i c components 
and T h e l y p t e r i s and F i l i c a l e s those of the p t e r i d o p h y t e s . 
F e d e r a r e c o r d e d . 
V I b ( 5 0 6 - 4 4 4 cm.) 
B e t u l a and P i n u s r e t a i n t h e i r V i a p o r p o r t i o n s but 
Q u e r c u s now e x c e e d s Hlmus i n f r e q u e n c y . A l n u s 
e x p a n d s s l o w l y and C o r y l u s r e m a i n s i m p o r t a n t . 
H e r b a c e o u s components low, I l e x r e c o r d e d . 
V i c ( 4 4 4 - 3 7 0 cm.) 
C o r y l u s f a l l s and B e t u l a and P i n u s g i v e way l a t e 
i n the s u b - z o n e to a Q u e r e u s - Ulmus - A l n u s dominated 
s p e c t r u m . F r a x i n u s f i r s t a p p e a r s n e a r the z o n e ' s 
c o n c l u s i o n . L o n i c e r a r e c o r d e d . 
Zone V i l a ( 3 ^ 0 - 2 2 5 cm.) 
Lower zone boundary c h a r a c t e r i s e d by a marked 
r i s e o f A l n u s . B e t u l a and P i n u s d e c l i n e and Q u e r e u s , 
Ulmus and A l n u s d o m i n a t e , T i 1 i a and F r a x i n u s a c c o u n t i n g 
f o r about I07r of a r b o r e a l p o l l e n . C o r y l u s expands 
e a r l y on t h e n r ^ e c l i n e s . A q u a t i c s w e l l r e p r e s e n t e d , 
e s p e c i a l l y Nymphaea, ^ ' y r i o p h y l Imn s p p . , Tjrj^ha S D T J . and 
P o t a m o q e t o n . F i l i c a l e s , e s p e c i a l l y P o l y p o d i u " ' , 
a b u n d a n t . H e r ' e r a r e c o r d e d . 
Z o n e s V l l b and V I T I ( 2 2 5 - 2 0 cm. ) 
The two m a i n zones not s e p a r a b l e , but the w^ole 
c h a r a c t e r i s e d by 3 s u t - z o n e s : -
S u b - Z o n e A ( 2 2 5 - 1 1 4 cm.) 
A c l e a r Ulmus f a l l marks i t s opeh ing f o l l o w e d by 
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a r e c o v e r y , T i l i a f o l l o w s a s i m i l a r but l e s s d i s t i n c t 
p a t t e r n . F r a x i n u s expands and F a g u s f i r s t a p p e a r s , 
C o r y l u s f l u c t u a t e s , G r a n u n e a e , C a l l u n a . T u b u l i f l o r a e . 
R a n u n c u l a c e a e i n c r e a s e i n f r e q u e n c y . P l p n t a g o 
l a n c e o l a t a and Riunex a c e t o s a f i r s t a p p e a r . Sambucus 
and S o r b u s r e c o r d e d . 
S u b - Z o n e B ( 1 1 4 - 3 6 cm.) 
Lower boundary marked by a s e c o n d a r y Ulmus d e c l i n e , 
a c c o m p a n i e d by a l e s s e r one of T i l i a w h i c h d i s a p p e a r s 
t e m p o r a r i l y n e a r the upper b o u n d a r y . A r b o r e a l p o l l e n 
d e c r e a s e s o v e r a l l but F r a x i n u s e x p a n d s , C o r y l u s 
c o n t i n u e s to f l u c t u a t e a t f a i r l y h i g h v a l u e s . C a l l u n a , 
G r a m i n e a e and C y p e r a c e a e . e x p a h d , and C e r e a l i a f i r s t 
a p p e a r and i n c r e a s e a l o n g w i t h A r t e m i s i a . C h e n o p o d i a c e a e . 
C r u c i f e r a e . P l a n t a g o l a n c e o l a t a . C a r y o p h y l l a c e a e s p p , , 
P o t e n t i 1 1 a . R a n u n c u l a c e a e . R o s a c e a e . R u b i a c e a e . 
Rumex a c e t o s a . S u c c i s a . U m b e l l i f e r a e and U r t i c a . 
P t e r i d i u m and F i l i c a l e s i n c r e a s e i n v a l u e as does 
Sphagnum. P l a n t a g o coronopus and Rubus chamaemorus 
r e c o r d e d . 
S u b - Z o n e C ( 3 6 - 2 0 cm.) 
A r b o r e a l p o l l e n by now o n l y l&/o of t o t a l p o l l e n . 
H e r b a c e o u s dominance e s p e c i a l l y G r a m i n e a e , C e r e a l i a . 
C a l l u n a . S r i c a l e s . T u b u l i f l o r a e . L i g u l i f l o r a e . D i a n t h u s . 
L y c h n i s . P l a n t a g o l a n c e o l a t a . F i l i p e n d u l a . P o t e n t i 1 1 a . 
R a n u n c u l a c e a e . R o s a c e a e , R u b i a c e a e . Rumex a c e t o s a . 
S u c c i s a and U r t i c a . C e n t a u r e a c y a n u s . C i £ s i u m , 
S p e r g u l a r i a . S t e l l a r i a h o l o s t e a . H u m u l u s / C a n n a b i s and 
V i c i a p r e s e n t . P t e r i d i u m r e a c h e s i t s maximum 
d e v e l o p m e n t . A q u a t i c s and Sphagnum w e l l r e p r e s e n t e d . 
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The Deve lopment of the K^ire S y s t e m 
The l a r g e , deep , s t e e p - s i d e d double b a s i n w h i c h 
a t p r e s e n t c o n t a i n s Seamer C a r r s , c o n t a i n e d a l a k e f o r 
much o f t h e i r e v o l u t i o n . T h i s l a k e had i t s o r i g i n s a t 
the m e l t i n g of a n i c e b l o c k l e f t a f t e r the r e t r e a t of 
the W e i c h s e l i a n i c e from the C l e v e l a n d P l a i n , T h i s 
i c e b l o c k o c c u p i e d and moulded the d e p r e s s i o n , w h i c h , 
when i t m e l t e d , beceime a. c e n t r e f o r a r a p i d 
a c c u m u l a t i o n of a c o n s i d e r a b l e t h i c k n e s s of i n o r g a n i c , 
f i n e p i n k c l a y , d e r i v e d from the s u r r o u n d i n g sands and 
g r a v e l s , by s o l i f l u c t i o n p r o c e s s e s . At t h i s t i m e , the 
g e n e r a l i n s t a b i l i t y and l a c k o f v e g e t a t i o n c o v e r on the 
s u r r o u n d i n g s l o p e s , was p a r a l l e l e d by a v e r y i m p o v e r i s h e d 
l a c u s t r i n e f l o r a c o n s i s t i n g m a i n l y of Potamogeton s p p . 
w i t h a f r i n g i n g swamp c o m p r i s i n g l a r g e l y of g r a s s e s and 
s e d g e s . A d i s t i n c t e n v i r o n m e n t a l change i s i n d i c a t e d 
by two l a y e r s of b l a c k o r g a n i c mud s e p a r a t e d by a mixed 
i n o r g a n i c - o r g a n i c f a c i e s , the p o l l e n c o n t e n t i n d i c a t i n g 
the p r e s e n c e of the A l ^ e r o d i n t e r s t a d i a l d i v i s a b l e 
i n t o two p h a s e s of q u i t e w e l l d e v e l o p e d wooded c o n d i t i o n s 
a r o u n d the s i t e s , s e p a r a t e d by one of a r e v e r s i o n to a 
m i n o r s o l i f l u c t i o n p h a s e . Throughout t h i s p e r i o d , 
h o w e v e r , the l a k e f l o r a and the f r i n g i n g swamps and f e n 
was much more d i v e r s i f i e d . P o l l e n and m a c r o f o s s i l 
e v i d e n c e shows t h a t F o t a m o g e t o n , A l i s m a plaPtagOraquat i : c 4 . . 
Myitiophy 1 lum a l t e r n i f l o r u m , Nymphaea and Nuphar grew i n 
t h e open w a t e r , w i t h T y p h a l a t i f o l i a , S p a r g a n i u m , 
H y d r o c o t y l e , F i l i p e n d u l a , T h a l i c t r u m , jT^ubus chamaemorus 
j o i n i n g G r a m i n e a e , C y p e r a c e a e and S a l i x i n the f r i n g i n g 
c o m p l e x , where h y p n o i d mosses a l s o found a s u i t a b l e 
h a b i t a t . 
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The coarse sandy c l a y o v e r l y i n g the organic mud 
i s the product of another phase of s o l i f l u c t i o n and 
r e f e r a b l e by i t s p o l l e n content to Zone I I I . I n 
s p i t e of a r e v e r s i o n to qu i te t r e e l e s s condi t ions i n 
the landscape , the lake and i t s surrounds appear to 
have mainta ined a f a i r l y c o n s i s t e n t b a s e - r i c h f l o r a , 
but Gramineae and Cyperaceae came to dominate once 
a g a i n along v/ith dwarf p ter idophytes i n the swamps. 
Bryophytes f l o u r i s h e d here a l s o , p a r t i c u l a r l y l a t e i n 
the p e r i o d ; no doubt the constant supply of f r e s h l y 
eroded inorgan ic n a t t e r , r i c h i n bases , was a good 
s u b s t r a t e f o r t h e i r development, A gradual c e s s a t i o n 
of s o l i f l u c t i o n i s suggested by the o v e r l y i n g depos i t , 
a clay-mud w i t h a p p r e c i a b l e organic mat ter , e s p e c i a l l y 
sedges , Juncus and bryophytes , l a i d down at around the 
opening of the P o s t - g l a c i a l p e r i o d , over much of the lake 
bed, except i n those areas near the grave l r idge where 
then , and f o r a good deal of succeeding F o s t - g l a c i a l t ime, 
somewhat d i f f e r e n t cond i t i ons e x i s t e d . Here , a quite 
pure s h e l l marl was deposi ted i n the shal lower water 
which must have e x i s t e d near the b a r r i e r . Over the 
m a j o r i t y of the b a s i n , during the g r e a t e r part of the 
P o s t - g l a c i a l , ex tens ive depos i t s of a f i n e d e t r i t u s mud 
were formed, i n which there are few plant remains , 
suggest ing a deep water o r i g i n i n a lake v/hich s t i l l had 
no major outward dra inage . Of the minute organisms . 
there i s a continuous record f o r Chara spp. and 
P e d i a s t r u m , and a wider range of f l o a t i n g and submerged 
a q u a t i c p o l l e n types are p r e s e n t . The densely f o r e s t e d 
landscape around wouldhave been reached from the open 
water through a qui te l u x u r i a n t f r i n g i n g swamp and 
f e n - c a r r where Phragmites . C a r e x , Schoenoplectus l a c u s t r i s . 
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Sparganaim. bryophytes , The 1 ypteris . Sg.l i x . .Betula 
and Alnus f l o u r i s h e d , without meJcing any apprec iab le 
reduc t ions i n the extent of the lake r i g h t through the 
c l i m a t i c optimum and w e l l into Zone V l l b . The e f fec t s , 
of human a c t i v i t y were a l ready being shown i n the p o l l e n 
diagram v/hen a qui te d i s t i n c t change i n the environment 
took p l a c e . The water l e v e l was reduced, and a 
Phragmi tes dominated reedswamp covered much of the former 
lake a r e a . Bryophytes of the r i c h feu v a r i e t y 
(Acrocladium., Aolaco^nniuTi, Cratoneuron, Scorpidium, 
Drepanocladus . 2.i5-£SS!ini» w e l l as Sphs..qnu'-^  plumulosutt 
and. 5phap;nu'-.'' tene 1 lum) were abu: dant arounr' the f r i n g e s , 
where f e n - c a r r ? l s o expanded somewhat, but never managed 
to c o l o n i s e the whole m i r e . *lecent drainage and 
a g r i c u l t u r a l operations, have made the success ion above 
t h i s very d i f f i c u l t to e l u c i d a t e . A l a y e r of co l luv ium 
has been depos i ted from the surrounding slopes on the 
south and east of the C a r r s , presumably as a r e s u l t of 
anthropogenic a c t i v i t y i n f a i r l y recent t imes, and 
remnants of J uncus i n the southern par t of- the nor th -
south 'arm' of the depos i t , sugges t that when they were 
f i n a l l y r e c l a i m e d they were p r i m a r i l y a f a i r l y b a s e - r i c h 
teedswamp, w i th some areas of w e l l developed fen c a r r 
at i t s marg ins , a l l of which has now disappeared . 
V e g e t a t i o n a l H i s t o r y i n the Seamer Area 
T i e e a r l i e s t p o l l e n assemblages for Seamer C a r r s 
represent Zone I of the L a t e - g l a c i a l p e r i o d , when the 
m a j o r i t y of tbe land v e g e t a t i o n was of ?> very open nature 
and c o n s i s t e d of unstable communities of dwarf shrubs and 
h e r b s . T r e e s were of minor importance, only B e t u l a and 
P i n u s e x i s t e d , both i n very low f r e q u e n c i e s , and the 
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l a t t e r probably the r e s u l t of t ransport froTi d i s t a n c e , 
where pine was a l ready e s t a b l i s h e d . (There i s no 
ev idence , e i t h e r b i o l o g i c a l or c l i m a t i c , to i n d i c a t e 
that Pixms could have e x i s t e d i n nor th -eas t Y o r k s h i r e 
at th i s t i m e ) . Of t''->e shrubs '^etula nana. £ a l i x , and 
l a t e r on, J u n i p e r u s and Fippophae (probably present 
throughout, but unable to f lower due to snow patches 
( I v e r s e n , 1 9 5 4 ) u n t i l l a t e r i n the p e r i o d ) , were most 
important. Herbs were dominated by Gramineae, Cyperaceae , 
5rpetrum. Artemi s i a and Aumex a c e t o s a . A v a r i e t y of 
dampland and dry land h a b i t a t s must have e x i s t e d , v/ith 
dwarf pteridophytes a l s o w e l l represented on the 
u n s t a b l e spreads of f l u v i o g l a c i a l m a t e r i a l and Boulder 
C l a y i n the C l e v e l a n d P l a i n which were being subjected 
to f a i r l y severe p e r i g l a c i a l a c t i o n at t h i s t ime. 
The f i r s t s i g n i f i c a n t change i n vege ta t iona l 
composit ion occurred i n Zone I l a , when, a f t e r a sharp 
i n c r e a s e i n the amounts of Jun iperus and Hipnoph'a'e tree 
b i r c h e s expanded, along with F i l i p e n d u l a (regarded by 
l y e r s e n (1954) as i n d i c a t i n g an increase i n 
temperature i n L r t e - g l a c i a l t i m e s ) . Herbaceous p l a n t s 
s t i l l r e t a i n e d a major importance however, wi th an 
o v e r a l l more complete development than i n Zone I , 
accentuated i n Zone l i b by a very, s l i g h t r e c e s s i o n i n 
tree development due to some r e t r o g r e s s i v e l o c a l or 
r e g i o n a l f a c t o r s of the environment. Juniperus and 
Hippop.'r'a'e showed increased development a f t e r t h i s 
i n t e r r u p t i o n to the i n t e r s t a d i a l s u c c e s s i o n , as d id 
F i l i p e n d u l a . and they were follov/ed by a f u r t h e r 
e x t e n s i o n of t r e e s , p r i n c i p a l l y B e t u l a , but now perhaps 
some Pinus a l s o . The o v e r a l l mosaic of vegeta t ion 
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must have been something a k i n to I v e r s e n ' s (1954) 
concept ion of ' p a r k - t u n d r a ' , wi th s c a t t e r e d patches 
of tree b i r c h e s and a large expanse of qui te luxur iant 
herbaceous and shrub v e g e t a t i o n , occupying the l o c a l i t i e s 
around the lakes and fr in,ging swamps, most su i t ed to 
them, where organic depos i t s were being formed. 
Zone I I I saw a r e v e r s i o n to something l i k e the 
v e g e t a t i o n which e x i s t e d i n Zone I . Herbs and shrubs 
once more achieved dominance but t ree s d i d not recede-
to t h e i r almost non-ex i s tent e a r l i e r s t a t u s . Open 
c o n d i t i o n s wi th unstable s o i l s and e q u a l l y v a r i e d and 
u n s t a b l e p lant communities once more were p r e s e n t . 
Dr.arf shrub-heath , with B e t u l a nana, J u n i p e r u s , 
Fipoophae and Empetrum appears to have been widespread. 
The steppe l i k e c ' larac ter of the environment i s i n d i c a t e d 
by the presence of Ep.hedra d i s t a c h y a (Gams, 1927) ; 
Polemonium and T-!el ianthemum i l l u s t r a t i n g the presence of 
base r i c h f r e s h s o i l cond i t i ons produced by the 
s o l i f l u c t i o n p r o c e s s e s . 
The c e s s a t i o n of L a t e - g l a c i a l time, with the 
ending of mass-movement and commencement of organic 
matter accumulat ion on land was once more preceded by 
an expansion of Juniperus , 'Hippophae and F i 1 ipendula i n 
response to a c l i m a t i c a m e l i o r a t i o n . Trees now 
c o l o n i s e d the open landscape w i th some r a p i d i t y , 
e s p e c i a l l y B e t u l a , but there must have been some areas 
where h a b i t a t s remained much as they had done i n Zone I I I , 
i f perhaps more f u l l y developed. P i n u s was a l s o present 
i n smal l amounts at t h i s e a r l y F o s t - g l a c i a l stage, i t s 
c o n s i s t e n t curves suggesting that here at l e a s t i t was 
now probably a genuine, component of the vegeta t ion 
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r a t h e r than a long d i s t a n c e i n t r u d e r , most l i k e l y 
conf ined to sandier s o i l s , of which there would have 
been p l e n t y i n the C l e v e l a n d lov/land at t h i s t ime. 
Zone V saw th i s development of b i r c h f o r e s t s jo ined 
by a mass ive extens ion of C o r y l u s which must have found 
an abundance of s u i t a b l e h a b i t a t s to c o l o n i s e , v/hich 
b i r c h had not a lready covered. I t was jo ined soon by 
Ulmus and Quercus , which too expanded into favoured 
l o c a l i t i e s , i n d i c a t i n g that there were expanses of 
b a s e - r i c h s o i l s a v a i l a b l e on the boulder c l a y a r e a s . 
The open condit ions of Zone IV must by now have been 
s e v e r e l y reduced, with only the areas f r i n g i n g the 
mires remaining as such. The development of a mixed 
deciduous f o r e s t continued throughout Borea l time, 
w i th TJlmus making up a very high proport ion of i t i n 
t h i s a r e a . P inus i n c r e a s e d i n va lue during Zone V I , 
but d id not achieve dominance, though Cory lus was 
important i n the vege ta t ion cover . Towards the c l o s e 
of B o r e a l t ime, Quercus , Ulmus and an ever i n c r e a s i n g 
p r o p o r t i o n of Alnus dominated the f o r e s t components . 
F r a x i n u s :nd T i l i a immigrated, and found r e s t r i c t e d but 
s u i t a b l e p l a c e s i n which to become e s t a b l i s h e d and begin 
a steady expans ion . The A t l a n t i c per iod (Zone V i l a ) 
opened wi th Alnus reaching a maximum of ex tens ion , (due 
presumably to an increase i n p r e c i p i t a t i o n e.bout t h i s 
t i m e ) , ahd a corresponding r i s e i n the water tp.bles, 
e s p e c i a l l y i n the stream and l a k e s i d e h a b i t a t s . The 
o ther deciduous f o r e s t components expanded 'juite f u l l y 
throughout the per iod of the c l i m a t i c optimum I s r v i n g 
o n l y the immediate surroundings of the mires as open 
h a b i t a t s . ' 
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Zones V I l b and V I I I saw the i n i t i a t i o n of the 
f i r s t major changes i n v e g e t a t i o n a l composit ion s ince the 
end of the L a t e - g l a c i a l p e r i o d . I t i s divisi=ble into 
three main sub-zones , . each with r a t h e r s i m i l a r 
c h a r a c t e r i s t i c s . The f i r s t changes occurred soon 
a f t e r the s t a r t of Sub-Zone A when c e r t a i n tree s p e c i e s , 
notab ly Ulmus and T i 1 i a were reduced i n amount, to recover 
l a t e r , w i th Fagus f i r s t e n t e r i n g , and F r a x i n u s expanding 
i n the a r b o r e a l s e c t o r . T h i s was accompanied by the 
reappearance i n smal l q u a n t i t i e s of open h a b i t a t p l a n t s , 
such as Gramineae. and Ca11una, and the f i r s t appearance 
of Plantago l a n c e o l a t a , suggesting a s h i f t i n the 
e c o l o g i c a l balance and openings, a l b e i t temporary, of 
the f o r e s t cover , presumably under human i n f l u e n c e s . 
A main f a c t o r of t h i s per iod was, i n sp i t e of a small 
decrease i n tree cover , the regenerat ive power of many 
of the tree s p e c i e s . I t was l e f t to a second decrease 
i n Ulmus and T i l i a , marking the opening of the second 
Sub-Zone, B , to s i g n i f y the commencement of the f i r s t 
l a s t i n g c l e a r a n c e s of t r e e s . Although phases of 
r e g e n e r a t i o n are shown, there was a more widespread 
genera l d e c l i n e of t r e e s , wi th shrubs a l s o beginning 
to be a f f e c t e d , and open h a b i t a t types (v/eeds or 
c l e a r a n c e i n d i c a t o r s ) showing sus ta ined expansions in to 
c l e a r e d a r e a s . C e r e a l p o l l e n , mainly Trit icxim dicocctun 
and Hordeurn i s f i r s t recorded , and weeds of both 
a r a b l e and p a s t o r a l a g r i c u l t u r a l p r a c t i c e s , (such as 
P lantago l a n c e o l a t a . A r t e m i s i a , Chenopodiaceae. 
C r u c i f e r a e . Rumex a c e t o s a , as w e l l as Gramineae, C a l l u n a 
and Pter id ium) show that i n c r e a s i n g acreages were being 
g iven over to e i t h e r crop produc t ion , pasture or being 
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l e f t f a l l o w or >.aste, with tree regenerat ion redr.ced, 
and a more open lanrscape r e s u l t i n g though' i n a somewhat 
f l u c t u a t i n g s t a t e . Sub-Zone C shov/s that the 
a c t i v i t i e s being c a r r i e d on i n l a t e B were i n t e n s i f i e d , 
with f u r t h e r i n d i c a t i o n s of a g r i c u l t u r a l a c t i v i t y i n 
the expansion of c e r e a l s , now m.ainly !"ordeum r.nd S e c a l e . 
and the occurrence of Centaurea cyanus, a p e r g u l a r i a , 
H u m u l u s - C a n n a b i s . T . and C i r s i u m . P a s t o r a l e c t i v i t y , 
with Plantago l a n c e o l a t a , Pteriidium and Gramineae, i s 
a l s o • in '^icated, and C a l luna expansions suggests that 
t ree s and shrubs , by now qui te d r a s t i c a l l y reduced i n 
e x t e n t , were to some degree even i n the lowland, 
r e p l a c e d by a form of heath a s s o c i a t i o n . 
3.2 S t r a t i g r a p h y and P o l l e n A n a l y s i s at K i l d a l e H a l l 
The K i l d a l e H a l l s i t e (MZ 609097) i s s i t u a t e d 
near the v i l l a g e of K i l d a l e , and i s about 100 metres 
north of K i l d a l e H a l l , and between i t and the A i v e r 
L e v e n . I t i s about 13 k i l o m e t r e s (8 mi l e s ) east of 
Seamer C a r r s , and 3 k i l o m e t r e s ( l i m i l e s ) , west of 
West V-fQuse ( F i g u r e 1) ( P l a t e 2) . 
Topography 
Cameron (1^78) descr ibed a peat deposit exposed 
i n a r a i l w a y c u t t i n g c lo se to T i l d a l e S t a t i o n . I t was 
c i r c u l a r i n shape, 4.3 metres (14 f ee t ) at i t s maximum 
t h i c k n e s s , th inn ing i n a l l d i r e c t i o n s . I t was a tough 
pale brov/n wood peat from the lower part of which 
remains of / lang i fer t'arandus (Reindeer) and Cervus 
e laphus (Red deer) were recorded . Beneath the peat was 
a sandy underc lay about 60 cm. t h i c k (2 f e e t ) , the base 
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pa le marly sand v/ith abundant mol lusca remains , the 
whole depos i t r e s t i n g on the !.'iddle G l a c i a l 3ands. 
Ccimeron concluded that the deposi t was not of any 
great c n t i q u i t y and was probably connected with the 
moat of the o ld c a s t l e which former ly stood nearby. 
Barrov/, i n the North C l e v e l a n d G e o l o g i c a l 
Memoir, ( 1 8 8 8 ) , regarded the K i l d a l e s e c t i o n a s , 
"perhaps the most i n t e r e s t i n g peat deposit i n the 
d i s t r i c t " , ( p . 73) A large hollow i n the Mic'dle 
G l a c i a l G r a v e l s v/as s t a t e d to c o n t a i n a calca.reous 
marl formed i n the bottom of a hol low by the growth 
and decay of C h a r a , and mol lusca such as P l a n o r b i s 
n a u t i l e u s . Limnea peregra and Ps id ium p u s i l l u m . 
Above t h i s was a sandy underc lay o v e r l a i n by 4 .3 metres 
(14 f e e t ) of pea t , from the lov/er p a r t s of the l a t t e r 
a n t l e r s of Heindeer and Red-deer were obta ined . 
F a w e l l (1900) d i s c u s s e d the K i l d a l e deposit i n 
r e l a t i o n to one at S t o k e s l e y , on the bank of the R i v e r 
L e v e n , 10 k i l o m e t r e s (6 m i l e s ) to the west . A s i m i l a r 
s t r a t i g r a p h y was recorded and the c o n c l u s i o n that a 
smal l t a r n of r e l a t i v e l y recent age had e x i s t e d t.-vere, 
surrounded by "scanty f o r e s t growth". 
Erdtman (1927, 1928) i n h i s study of the C l e v e l a n d 
Peat D e p o s i t s , r e f e r r e d to a depos i t at K i l d a l e from 
which f a u n a l remains had been recovered , and which lay 
on a moraine . According to F r a n k E l g e e , who a s s i s t e d 
him, " i t c o u l d no longer be observed i n i t s e n t i r e t y " , 
however. 
I n 1968 during f i e l d drainage operat ions on an 
a r e a of damp p a s t u r e l a n d to the north of i : i l d a l e H a l l , 
peaty marl was brought to the sur face by e x c a v a t o r s . 
T'TC KILDALE ^'ALL SITE LOOIIING EASTV,'.^DS 
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and the s k u l l , a horn and a part ske le ton of an 
animal was d i s c o v e r e d embedded i n i t . Subsequent 
sy s t emat i c i n v e s t i g a t i o n s r e v e a l e d more s c a t t e r e d 
d i s a r t i c u l a t e d bones of the sanie a n i m a l . The whole 
assemblage has been i d e n t i f i e d by ? 'r . R..T-J. ^Tayes of 
Hutton le Ho le , and * ' r . R . Close of Baysdale as a 
specimen of Bos primigeniujs . 
The a r e a of the f i n d s must be c lose to the depos i t s 
d e s c r i b e d by Cameron et a l . , yet on s u p e r f i c i a l 
examinat ion there was no t race of them. G l a c i a l 
d e p o s i t s f i l l t h i s part of K i l d a l e , o v e r l y i n g L i a s s i c 
S h a l e s . They are a s s o c i a t e d j u s t to the west of the 
v i l l a g e wi th a mora in ic complex (Kendal 1,1902, 1903. 
G r e g o r y , 1 9 6 2 ) . Kenda l l regarded the K i l d a l e moraine as 
marking the maximum inward l i m i t of the Va le of York ice 
i n the g l a c i a t i o n of the a r e a . Behind t h i s moraine, a 
p r o - g l a c i a l lake was formed, extending through to Lealholm, 
where another moraine marked the eastward l i m i t of the 
c o a s t a l i c e in to E s k d a l e , and impounded the l a k e . At 
some stage , a b a r r i e r was formed at VIest House, wi th Lake 
K i l d a l e between the K i l d a l e moraine and the ^est House 
watershed , and Lake Eskda le between West House and the 
Lea lho lm moraine . Gregory r e j e c t e d these .'-lypotheses 
on the grounds that a. number of f e a t u r e s i n K i l d a l e can 
be i n t e r p r e t e d as s u b - g l a c i a l r a t h e r than s u b - a e r i a l i n 
o r i g i n . The Vaile of York i c e got up to 305 metres 
( 1 , 0 0 0 f e e t ) O.-O. on the f l a n k s of the C l e v e l a n d 
escarpment, and as f a r south as York and E s c r i c k ; i t 
i s almost c e r t a i n there fore to have gone through E s k d a l e . 
G r e g o r y ' s E s c r i c k l i m i t i s a moraine near C a s t l e t o n 
10 k i l o m e t r e s (6 mi l e s ) east of K i l d a l e , and he 
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regards the K i l d a l e complex equ iva lent to the York 
moraine s t a g e . The r e c e s s i o n to K i l d a l e of the 
E s k d a l e i c e l ed to the formation of a moraine at the 
margin of the a c t i v e i ce i n the Vale of York . The 
d e p o s i t s d e s c r i b e d , and sought, must have occupied a 
k e t t l e - h o l e i n t h i s complex, perhaps d i s s e c t e d by 
r a i l w a y b u i l d i n g when the g e o l o g i c a l surveyors were 
working i n the a r e a . 
S t r a t i g r a p h y 
The vege ta t ion of the a r e a gave no i n d i c a t i o n as 
to the present or former ex i s t ence of large s c a l e 
organic d e p o s i t s , being .mainly improved past;:re l and . 
I n the a r e a around K i l d a l e H a l l , two l e v e l l e d 
t r a n s e c t s of borings v/ere made, i n t e r s e c t i n g as shown 
( F i g u r e s 10 and 11 ) . A north-south l i n e through the 
a r e a of bone f i n d s , r evea led l i t t l e more than could be 
seen i n the drainage d i t c h e s ; B a s a l sands and g r a v e l s 
o v e r l a i n by 10-15 cm. of tenacious dark blue c l a y , 
fo l lowed by 30 cm. of w e l l humif ied compact, s i l t y , 
C a r e x peat ( i n the upper l a y e r s of which the bones were 
found) , are succeeded by 25 cm. of very impure peaty m a r l , 
and 20 cm. of Carex peat wi th wood remains . The highest 
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undis turbed h o r i z o n c o n s i s t s of about 50 cm. of tough 
wood peat w i th abundant B e t u l a and Pinus fragments, the 
top 25 cm. or so having been subjec ted to d r a i n ? g e , peat 
c u t t i n g and c u l t i v a t i o n f o r a large number of y e a r s . 
A t r a n s e c t from west to eas t revea led the s?jne 
s t r a t i g r a p h i c d e t a i l f o r 50 metres from the most 
w e s t e r l y b o r i n g , and 80 metres from the most e a s t e r l y 
one. I n t e r v e n i n g , there are 30 metres v/hich provide a 





l i m i t of the basa l sands and g r a v e l s f a l l s very s t e e p l y , 
from about 1.5 metres below the s u r f a c e , to n e a r l y 
6 metres below. I n the s m a l l , deep, s t eep-s ided ho»llov/ 
thus formed, a s u c c e s s i o n of the fo l lowing i s 
encountered. Approximately 40 cm. of very s t i f f , s i l t y 
c l a y , grey i n c o l o u r , i s o v e r l a i n by up to 3 metres of 
wet, pure , creajn-coloured c a l c a r e o u s marl with m.ollusca 
and bryophyte remains . T h i s is covered by about a 
metre of s t i f f , s i l t y grey c l a y and succeeded by a 
s t r a t i g r a p h y almott i d e n t i c a l i n type and th ickness to 
that d e s c r i b e d f o r the area around t h i s depres s ion . 
The maximum depth of depos i t s encountered at 
t h i s s i t e was 5.45 metres (17.5 f e e t ) . I t cannot be 
the one descr ibed by Ccuneron et a l . , because a r idge of 
sand and g r a v e l e x i s t s between i t and the r a i l w a y ; 
but i t s o v e r a l l dimensions, ajid th i cknesses of the c l a y s 
and m a r l , are very s i m i l a r to those enumerated i n the 
e a r l y l i t e r a t u r e . 
Po_l_len_ and M a c r o f o s s i l ..•-nalysis and Chronology 
Samples f o r p o l l e n and m a c r o f o s s i l a n a l y s i s were 
c o l l e c t e d from 3 i t e (A) i n 1968 and from S i t e (B) i n 
1970. 
The s t r a t i g r a p h y appropr ia te to the p o l l e n diagrajn 
f o r S i t e (A) i s 
0-30 cm. D i s t u r b e d sediment. 
30-53 cm. Compact, tough, mid-brown wood peat wi th 
abundant remains of B e t u l a and P i n u s . Carex remains 
throughout. Leaves of Sphagnum papi1losun 35-53 cm. , 
s! cuspidatum at 40 cm. , S . t e r e s 50-53 cm. 
53-65 cm. " e l l humif ied dark brown Carex peat with 
^ 'o l in ia stems. Sporangia of Thelypteris sp , at 56 cm. 
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Leaves of Sphagnum rube Hum 56-59 cm. , S . pgpil losum 
at 56 cm. O c c a s i o n a l fragments of B e t u l a . 
65-82 cm. Impure peaty m a r l , s l i g h t l y c a l c a r e o u s , wi th 
Carex and M o l i n i a remains , diatomaceous s p i c u l e s and 
m o l l u s c a fragments . Leaves of ophagnum papi l losum 
68-71 cm. 
82-98 cm. Very w e l l humif ied Carex peat with s i l t , 
e s p e c i a l l y i n the l a s t 10 cm. ske le ton of Bos 
pr imigen ius 82-85 cm. C h a r c o a l , (probably B e t u l a and 
E r i c a l e s ) , 82-90 cr,i. 
98-106 cm. Tenac ious , s i l t y grey c l a y with some 
Cyperaceae remains . 
106 cm. + Sands and g r a v e l s . 
The s t r a t i g r a p h y corresponding to S i t e (.B) . i n d i c a t e s : -
0-25 cm. D i s t u r b e d sediment. 
25-45 cm. Compact, tough, mid-brown wood peat wi th 
abundant remains of B e t u l a and P i n u s . Carex stems and 
Sphagnum papi l losum leaves abundant, 
45-58 cm, Well humif ied dark brown Carex peat with some 
Brtophorum vaginatum. Leaves of Sphagnum papi l losum and 
S . t e r e s a t 55 cm. 
58-138 cm. Impure peaty m a r l , w i th Carex spp . , Chara 
oospores and mo!'lusca fragments . Leaves of Sphagnum 
papi 1 losum, S . plumulosum, S . t e r e s , and Ccimptothecixim 
n i tens 60-75 cm. 
138-190 cm. S t i f f , s i l t y grey c l a y wi th occas iona l Chara 
oospores and twigs of E r i c a c e a e . 
190-496 cm. P u r e , s o f t , wet, ye l low ca lcareous m a r l . 
Mol lusca remains , bryophytes and Chara oospores throughout 
Leaves of Sphagnum t e r e s at 220, 260 and 300 cm. , 
P a l u d e l l a squarrosa at 260 cm, , Camptothecium n i t e n s at 
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220-460 cm, , Acrocladi i im giganteum at 260 cm, 
A. &uspidatum at 3'X) cm. , Drepanocladus aduncus at 
300 cm, , Cratoneuron conumi^ tatum at 300 and 480 cm. 
Campylium s t e l l a t u m 400-490 cm. S i l t 320-390 cm. 
496-545 cm. Tenacious s i l t y grey c l a y with angular 
s t o n e s . O c c a s i o n a l Carex fragments . 
545 cm. + Sands and g r a v e l s . 
The p o l l e n diagram f o r K i l d a l e H a l l (A) s i t e i s 
based on a t o t a l tree p o l l e n sum (F igure 12) and 
i n d i c a t e s that the fo l lov/ ing zones are present : -
Zone IV (97-85 cm.) 
Herbaceous and shrub dominance; w i th only 15fo of 
a r b o r e a l p o l l e n , P inus and Betu^la only represent ing 
the t ree component e a r l y i n the zone. Near i t s 
c o n c l u s i o n Ulmus and Quercus are found and C o r y l u s 
f i r s t appears , S a l i x , Gram.ineae , Cyperaceae , ?jtiT>e t rum, 
Tubul i f l orae , L i g u l i f lorae , F i 1 ipendula , jLosaceae and 
l lubiaceae have high va lues throughout and Rumex ace tosa , 
' Ranunculaceae and S u c c i s a l a t e r i n the zone, Po.tamo?eton, 
Sparganium, Lycooodium clavatum, Polypodiiun, T h e l y p t e r i s 
"^•'^  Fi.Lifajles p r e s e n t . A ..Radiocarbon date for the peat 
encas ing par t of the Bos ske l e ton (a t 84 cm. , the l e v e l 
a t which the Zone I V / V boundary o c c u r s ) , y i e l d e d 
10,350 t 200 B . P : 8,4^0 - 200 B . C (Gak - 2707) . 
Zone- V (85-64 cm.) 
Near the lower zone boundary a r i s e i n a r b o r e a l 
p o l l e n frequ-'ncy o c c u r s , Pinus d e c l i n e s with Be^tula 
becoming dominant. Throughout, f l u c t u a t i o n s take p lace 
w i th P i n u s and l a t e r .Betula i n c r e a s i n g i n importance. 
Ulmus, Quercus and C o r y l u s expand s lowly , ^ a l i x va lues 
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h i g h , but non a r b o r e a l p o l l e n d e c l i n e s g e n e r a l l y . 
E a r l y i ; i the zone G r a m i h e a e . C y p e r a c e a e . Empetrum, 
A r t e m i s i a , F i l i p e n d u l a . Umbe11 i f e r a e and R o s a c e a e 
i m p o r t a n t and I'elampyrum r e c o r d e d . T-Iigh v a l u e s of 
The l y p t e r i s and £ i _ l i c a L e s . 
Zone V I (64-30 cm.) 
C a n be s u b - d i v i d e d : -
V I a ( 6 4 - 4 7 c . T . ) 
A t the l ower boundary Be t u l a f a l l s and P i n u s 
e x p a n d s - g O G O thog c i th C o ^ ^ l ; ; ^ . Sal^ix d e c l i n e s but 
l a t e r r e - e x p a n d s t o g e t h e r w i t h G r a m i n e a e , C y p e r a c e a e 
a n d F i l i c a l e s . H e d e r a r e c o r d e d . 
V I b (-47-35 cm. ) 
Pi_nus - C o r y l u s dominance . '^uercus ?,nd Ulmus 
i n c r e a s e . Be t u l a d e c l i n e s . A l n u s , F r a x i n u s and T i l i a 
i r f m i g r a t e . S a l i x and o t h e r rion a r b o r e a l p o l l e n d e c l i n e 
e x c e p t f o r R o s a c e a e . T u b u l i f l o r a e and Umbe11 i f e r a e . C a l l u n a 
r e c o r d e d . T r e e s and s h r u b s a c c o u n t f o r SSvi of the t o t a l 
p o l l e n sum. 
V I c ( 3 5 - 3 0 c m . ) 
P i n u s d e c l i n e s , Que^rc_us, Ul jS l iS ' ^^'^ 
F r a x i n u s e x p a n d , and t r e e s assume dominance . 
Z o n e _ V I X a _Qa-_2JS_c 
Lower zone boundary marked by an A l n u s r i s e and a 
d e c l i n e o f P i n u s and 3 e t u _ l a , a Q u e r c u s dominated s p e c t r u m 
t a k i n g o v e r . 
K i l d a l e H a l l (B) c o v e r s the L a t e - g l a c i a l p e r i o d and i s 





i f . 
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z o n a t i o n i s s u g g e s t e d : -
Zone I ( 5 2 0 - 4 9 6 cm.) 
T e r b a c e o u s d o m i n a n c e . B e t u l a and P i n u s the o n l y 
a r b o r e a l p o l l e n , B e t u l a nana p r e s e n t , J u n i p e r u s 
a p p e a r p and expands n e a r the upper zone b o u n d a r y . 
G r a m i n e a e , C y p e r a c e a e , ^rnpetru"', A r t e m i s i a , J5pi l o b i u m , 
R u b i a c e a e , Rumex a c e t o s a and S a x i f r a g a c e a e c o n s t i t u t e 
the m a j o r i t y of the h e r b s . Se1ag ine11 a r e c o r d e d . 
PotamoReton and Ped i 'a s t rum expand n e a r c o n c l u s i o n of 
z o n e . 
Zone I I ( 4 9 6 - 1 9 0 cm.) 
Can be s u b - d i v i d e d : -
I l a ( 4 9 6 - 3 9 5 , c m . ) 
I n c r e a s e i n t o t a l p o l l e n f r e q u e n c y , e s p e c i a l l y of 
t r e e b i r c h e s . P i n u s and B e t u l a nana d e c l i n e . 
A r b o r e a l p o l l e n about 25% of t o t a l p o l l e n , J u n i p e r u s 
d e c l i n e s t h e n expands a g a i n , S a l i x showing an o p p o s i t e 
t r e n d . Hippophae r e c o r d e d . K e r b s of Zone I g e n e r a l l y 
d e c l i n e but G r a m i n e a e v a l u e s r e m a i n h i g h . ILi.LIJB.'^'IhJLS» 
Polygonum b i s t o r t a , A l i s m a , T y p h a l a t i f o l i a , B o t r y c h i u m 
and T h e l y p t e r i s r e c o r d e d . P e d i a s t r u m e x p a n d s , 
l i b ( 3 9 5 - 3 3 5 cm.) 
A s l i g h t f a l l i n a r b o r e a l p o l l e n . ^aalix 
r e - e x p a n d s , J u n i p e r u s c o n t i n u e s a t q u i t e h i g h v a l u e s 
t h e n d e c l i n e s . Hippophae i n c r e a s e s . H e r b s c o m p r i s e 
lOfe of t o t a l p o l l e n w i t h C y p e r a c e a e , "Smpetru?'. .Artemi s i a . 
T u b u l i f l o r a e . L y c h n i s , D i a n t h u s , C h e n o p o d i a c e a e . l l o s a c e a e 
and U m b e 1 1 i f e r a e dominant. Nuphar and Nymphaea r e c o r d e d . 
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l i e ( 3 3 5 - 1 9 0 cm. ) 
A r i s e i n t o t a l p o l l e n f r e q u e n c y w i t h a r b o r e a l p o l l e n 
about 50yc o f the sum. B e t u l a most i m p o r t a n t . P i n u s 
i n c r e a s e s a l s o . S a l i x , J u n i p e r u s and Kippophae d e c l i n e , 
F i l i p e n d u l a expands but most h e r b s show r e d u c e d 
f r e q u e n c i e s . S u c c i s a r e c o r d e d . S e l a g i n e l l a . S q u i s e t u m , 
L y c o p o d i u m c l a v a t t u n and P o l y p o d i u m i m p o r t a n t p t e r i d o p h y t e s . 
A l i s m a and Potamogeton dominate the a q u a t i c component. 
Zone I I I ( 1 9 0 - 1 4 0 cm.) 
The o p e n i n g of the zone marked by a drop i n a r b o r e a l 
p o l l e n and an i n c r e a s e of B e t u l a n a n a . J u n i p e r u s , S a l i x 
and H i p p o p h a e . G r a m i n e a e and C y p e r a c e a e dominate the 
h e r b s , w h i l e Empetrum, A r t e m i s i a , T u b u l i f l o r a e , 
R a n u n c u l a c e a e , Aumex a c e t o s a , S a x i f r a g a c e a e and T h a l i c t r u m 
o c c u r f r e q u e n t l y . He l ian themum r e c o r d e d . A q u a t i c s 
e x p a n d n e a r t h e upper b o u n d a r y . B o t r y c h i t i m , Se 1 a g i n e 11 a 
and F"i l i c a l e s i m p o r t a n t p t e r i d o p h y t e s . 
The Deve lopment of the F i r e S y s t e m 
The m i r e sys t em a t K i l d a l e H a l l o r i g i n a t e d i n a 
k e t t l e h o l e , formed by the m e l t i n g out of an i c e b l o c k 
of \ 7 e i c h s e l i a n a g e , embedded i n the f l u v i o g l a c i a l 
g r a v e l s f i l l i n g t h i s p a r t of K i I d a l e . I n the deep , 
but q u i t e s m a l l h o l l o w t h u s f o r m e d , the f i r s t d e p o s i t , 
a s t i f f , d a r k g r e y c l a y was the r e s u l t of the e x t e n s i v e , 
and i n t e n s i v e , s o l i f l u c t i o n p r o c e s s e s o p e r a t i n g 
i m m e d i a t e l y a f t e r d e g l a c i a t i o n . The l a n d s c a p e around 
the k e t t l e h o l e ( s ) , c o n t a i n i n g open w a t e r and a poor 
l a c u s t r i n e f l o r a (Potamogeton i s the o n l y a c u a t i c i n 
the Zone I p o l l e n r e c o r d ) , c o n s i s t e d of some f a i r l y 
poor swamp s p e c i e s , dominated by g r a s s e s and s e d g e s . 
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but w i t h some F i l i p e n d u l a , E p i l o b i u m and S a l i x . 
T h i s l a s t e d u n t i l the c l i m a t i c o s c i l l a t i o n of the 
A l l e r b ' d i n t e r s t a d i a l , when a d i s t i n c t e n v i r o n m e n t a l 
change f o r the a r e a i s r e c o r d e d i n the d e p o s i t i o n a l 
s e q u e n c e . The warmer c l i m a t e l e d to the f o r m a t i o n 
i n the l a k e of a v e r y b a s e - r i c h m a r l , w i t h 
abundant C h a r a , P e d i a s t r u i r ; and n i o l l u s c a . The l a k e 
was f e d by s p r i n g s and base r i c h ground w a t e r from the 
g l a c i a l d e p o s i t s , the d e p o s i t i o n was r a p i d and i n q u i t e 
deep w a t e r . A p a r t f rom a more a c t i v e l a c u s t r i n e 
e n v i r o n m e n t , p o l l e n of Numphaea. N u p h a r , A l i s m a p l a n t a g o -
a q u a t i c a and Potamogeton i n d i c a t e a r i c h e r f l o r a ; and 
of T y p h a l a t i f o l i a . Polygonum b i s t o r t a , F i 1 i p e n d u l a , 
E p i l o b i u m . T h e l y p t e r i s , L y c h n i s f l o s - c u c u l i , U m b e 1 1 i f e r a e . 
T h a 1 i c t r u m , S u c c i s a and ££u_i_sejum, a more v a r i e d reedswamp 
and f e n community , to w h i c h S a l i x and p e r h a p s even "Qetula 
c o n t r i b u t e d , a l o n g w i t h the r i c h f e n m o s s e s , P a l u d e l l a 
s q u a r r o s a , Camptothec ium n i t e n s , C r a t o n e u r o n coinmutatum, 
Cajnpy l ium s t e l l a tum and A c r o c l a d i u m c u s p i d a t u m . A 
m i n o r change i n the s u c c e s s i o n was e f f e c t e d i n m i d - z o n e I I , 
when more s i l t was washed i n t o the b a s i n , p r e s u m a b l y a 
r e s u l t of the s l i g h t f l u c t u a t i o n of the c l i m a t i c f a c t o r s 
b a c k t o w a r d s a c o o l e r e n v i r o n m e n t . T h i s , however , was 
o n l y a t e m p o r a r y f e a t u r e , and d i d not r e a l l y a f f e c t 
much , the r a t h e r l u x u r i a n t l a c u s t r i n e , and e x t r e m e l y open 
f r i n g i n g v e g e t a t i o n t y p e s , w h i c h q u i c k l y r e c o v e r e d . T h i s 
r e c o v e r y was f a i r l y s h o r t l i v e d though , and a s e c o n d , 
t e n a c i o u s , s i l t y c l a y c o n t a i n i n g C a r e x and e r i c a c e o u s 
f r a g m e n t s i l l u s t r a t e s the e f f e c t s of the Zone I I I c o l d 
p e r i o d on the m i r e s y s t e m . The c l a y , a g a i n a p r o d u c t 
of s o l i f l u c t i o n , a c c u m u l a t e d o v e r the whole a r e a , 
e s p e c i a l l y i n the d e e p e r h o l l o w s , s e a l i n g o f f the m a r l ; 
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i t s t h i c k n e s s and c o m p o s i t i o n i n d i c a t i v e of the 
e f f e c t i v e n e s s of the p e r i g l a c i a l a c t i o n , i n what 
i s known to be a r e l a t i v e l y s h o r t c h r o n o l o g i c a l p e r i o d 
( G o d w i n , 1 9 5 6 ) , The v e g e t a t i o n r e t u r n e d to something 
a k i n to t h a t of Zone I , w i t h g r a s s e s and s e d g e s , 
a c c o m p a n i e d m a i n l y by T h a l i c t r u m and i s o l a t e d 
o c c u r r e n c e s of S a l i x d o m i n a t i n g . The c e s s a t i o n of 
s o l i f l u c t i o n , and the o p e n i n g of the P o s t - g l a c i a l , S.-AV 
o r g a n i c m a t t e r a c c i i m u l a t e once a g a i n , e s p e c i a l l y a t 
the l a k e s i t e , where a m a r l began to f o r m . The i m p u r i t y 
of t h i s w i t h much C a r e x , Sphagnum and f r a g m e n t a r y 
m u l l u s c a r e m a i n s , s u g g e s t a much l e s s e f f e c t i v e l a k e 
s y s t e m , more l i k e l y a n i l l d r a i n e d swamp, though 
P e d i a s t r v i m . Potamogeton a n d M y r i o p h y l I t i m p o l l e n i n c r e a s e 
i n a m o u n t s , i m p l y i n g t h a t t h e r e were s t i l l some p a t c h e s 
of open v / a t e r . Reedswamp, dominated by Sparganixim. and 
f e n , w i t h S a l i x . T h e l y p t e r i s . F i l i p e n d u l a . U m b e 1 1 i f e r a e . 
L y c o p o d i u m c l a v a t u m and L y c h n i s were p r e s e n t , and the 
e x p a n d i n g B o r e a l f o r e s t s of b i r c h and p i n e , began to 
e n c r o a c h a t i t s m a r g i n s . The e s s e n t i a l f e a t u r e though 
was the o p e n n e s s of the s i t e , w h i c h no doubt i n f l u e n c e d 
the p r e s e n c e of a s k e l e t o n of Bos p r i m i g e n i u s and 
a s s o c i a t e d c h a r r e d wood w i t h i n the m a r l - s i l t y p e a t 
c o m p l e x ; and f rom the e n c a s i n g m a t e r i a l of w h i c h , a 
R a d i o c a r b o n d a t e of C , 4 C 0 B . C . was o b t a i n e d . I t 
seems h i g h l y l i k e l y , t h a t a t t h i s t i m e , the K i l c a l e s i t e 
was a n i d e a l f e e d i n g and v / a t e r i n g p l a c e f o r such 
a n i m a l s , ( t h e r e m a i n s of a R e i n d e e r and a Red d e e r have 
b e e n r e c o v e r e d from the upper c l a y and m a r l i n t e r f a c e ) , 
and a f o c a l p o i n t f o r the p e o p l e who h u n t e d them i n 
B o r e a l t i m e s . T h i s h y d r o s e r a l s t a g e e x i s t e d , w i t h minor 
m o d i f i c a t i o n s , ( m a i n l y a n e x p a n s i o n of s h r u b s and t r e e s 
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a d j a c e n t to the l a k e s i t e ) , u n t i l l a t e B o r e a l t i m e , 
when q u i t e s u d d e n l y , the l a k e d r i e d u p , p a s s i n g from 
a s i l t y sedge d e p o s i t , to a n e n v i r o n m e n t where t r e e s , 
p r i n c i p a l l y 3 e t u l a . . P i n u s . and l a t e r . ' . .Inus, e s t a b l i s h e d 
t h e m s e l v e s , t owards the t ime of the B o r e a l / A t l a n t i c 
t r a n s i t i o n . A t t h i s t ime (shown by the r a p i d r i ? e of 
the A l n u s c u r v e to a maximum on the p o l l e n d i a g r a m ) , 
wood land o c c u p i e d the a r e a , w i t h some development of 
s e d g e s and b r y o p h y t e s w i t h i n i t . An a b r u p t t r u n c a t i o n 
of the d e p o s i t s a t t h i s l e v e l , due to p e a t c u t t i n g and 
c u l t i v a t i o n , l e a v e s no c o n c l u s i v e e v i d e n c e as to w h e t h e r 
the m i r e d e v e l o p e d beyond a f a i r l y b a s i c , f e n - c a r r wood 
s t a g e , i n t o a r a i s e d bog community . I n v i e w of the 
w i d e s p r e a d o c c u r r e n c e of the t h i n wood p e a t , i t i s 
p e r h a p s u n l i k e l y , b e c a u s e a m a s s i v e remova l would have 
b e e n needed o v e r a l a r g e a r e a , to r e d u c e i t to i t s 
p r e s e n t , q u i t e u n i f o r m c h a r a c t e r i s t i c s , n e a r the s u r f a c e . 
I t i s more l i k e l y t h a t the damp f e n woodland i t s e l f was 
c l e a r e d , by l a t e r p r e h i s t o r i c and- h i s t o r i c man, and 
c u t t i n g h a s b e e n c o n f i n e d to s m a l l a r e a s i n r e l a t i v e l y 
r e c e n t t i m e , f o r d o m e s t i c u s e s , 
V e g e t a t i o n a l H i s t o r y i n the K i l d a l e A r e a 
The l o w e s t l e v e l s f rom the K i l d a l e h i i r e have a 
p o l l e n f l o r a w h i c h i n d i c a t e s an e a r l y L a t e - g l a c i a l 
l a n d s c a p e , w i t h w e l l o v e r SOft'c o f i t c o v e r e d by dwarf 
s h r u b and h e a t h , dominated by B e t u l a n a n a , ' j a l i x and 
Empetrum. The g e n e r a l e n v i r o n m e n t seems to have been 
u n s t a b l e , w i t h a v a r i e t y of c h a n g i n g p l a n t communi t i e s 
o c c u p y i n g the s p r e a d s of sand and g r a v e l , t h e m s e l v e s 
s u b j e c t e d to e x t e n s i v e mass movements . G r a m i n e a e and 
C y p e r a c e a e were i m p o r t a n t c o n s t i t u e n t s of the v e g e t a t i o n 
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and t o w a r d s the c o n c l u s i o n of the z o n e , J u n i p e r u s 
and Hippophae s p r e a d q u i t e r a p i d l y , b e f o r e the f i r s t 
m a j o r c h a n g e s i n the p l a n t c o v e r were i n i t i a t e d . 
T r e e b i r c h e s now c o l o n i s e d the a r e s i n some q u a n t i t y , 
w i t h the s h r u b and h e a t h c o m m u n i t i e s of Zone I b e i n g 
s l i g h t l y r e d u c e d i n e x t e n t , but s t i 1 1 i m p o r t a n t . 
T h o s e p a r t s of them w h i c h c o u l d w i t h s t a n d some shade and 
h i g h e r t e m p e r a t u r e s a t t a i n i n g a more l u x u r i a n t 
d e v e l o p m e n t , f o r example, F i l i p e n d u l a . T h i s development 
was m a i n t a i n e d throughout Zone I X , but e s p e c i a l l y a t 
the commencement ( I l a ) and c o n c l u s i o n ( H e ) of the 
p e r i o d . The i n t e r v e n i n g p h a s e ( l i b ) saw a s l i g h t 
r e c e s s i o n i n the b u i l d up of a ' p a r k - t u n d r a ' l a n d s c a p e 
( I v e r s e n , 1 9 5 4 ) , when a s m a l l e n v i r o n m e n t a l change l e d 
to a minor d e c r e a s e i n t r e e s and a c o r r e s p o n d i n g 
s p r e a d i n g of s h r u b s and h e r b s . T h i s was s h o r t - l i v e d , 
h o w e v e r , and the l a s t p a r t of the A l l e r o ' d saw a 
r e a s o n a b l e t r e e c o v e r i n the form of c o p s e s of b i r c h 
and p e r h a p s e v e n i s o l a t e d o c c u r r e n c e s of p i n e i n 
f a v o u r e d l o c a l i t i e s ; a c o n t r a s t to Zone I where t r e e s 
were v i r t u a l l y a b s e n t , and P i n u s though p r e s e n t i n the 
p o l l e n r e c o r d was i n a l l p r o b a b i l i t y not growing i n the 
a r e a . 
Zone i J l c o n d i t i o n s were q u i t e d i f f e r e n t . Wow, 
s h r u b s and h e r b a c e o u s c o m m u n i t i e s r e g a i n e d dominance 
o v e r most of the a r e a , though t r e e s d i d not f a l l to t h e i r 
a l m o s t n o n - e x i s t e n t Zone I p r o p o r t i o n s . Open swards of 
G r a m i n e a e , A r t e m i s i a and Einpetrum on the d r i e r s l o p e s , 
and B e t u l a n a n a , S a l i x , C y p e r a c e a e and T h a l i c t r u m i n the 
damper s i t u a t i o n s were w i d e s p r e a d . K e l i a n t h e m u m was 
p r e s e n t , i n d i c a t i n g abundant b a s e - r i c h h a b i t a t s , the 
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f r e s h s o i l s b e i n g a c o n s e q u e n c e of the s o l i f l u c t i o n 
p r o c e s s e s o p e r a t i n g a t the t i m e , and moving i n o r g a n i c 
and o r g a n i c m a t e r i a l i n t o the b a s i n s . The open ing of 
the P o s t - g l a c i a l p e r i o d , marked by a c e s s a t i o n of 
s o l i f l u c t i o n and o r g a n i c m a t t e r a c c u m u l a t i o n i n the 
s t r a t i g r a p h i c r e c o r d , and a c c o m p a n i e d by a r a d i o c a r b o n 
d a t e o f 8 , 4 0 0 B . C . ( G a k - 2 7 0 7 ) f o r l a t e P r e - b o r e a l t i m e , 
d i d not seem to have the c o n v e n t i o n a l e f f e c t s of r a p i d 
t r e e c o l o n i s a t i o n i n the K i l d a l e a r e a . V /h i l e the 
s h r u b s and h e r b s c h a r a c t e r i s t i c of the L a t e - g l a c i a l 
p e r i o d c o n t r a c t e d somewhat i n e x t e n t , ( p a r t i c u l a r l y 
B e t u l a n a n a . J u n i p e r u s and Hippophae w h i c h d i s a p p e a r e d , 
and A r t e m i s i a and Rximex a c e t o s a w h i c h d e c l i n e d ) , o t h e r s 
e xpanded to form what must have been a l o c a l , q u i t e 
l u x u r i a n t h e a t h v e g e t a t i o n dominated by Empetrum 
G r a m i n e a e and . l o s a c e a e . T r e e s a c c o u n t e d f o r under 
' 2 C ^ of the v e g e t a t i o n c o v e r , i n s p i t e of the p r e s e n c e 
of b o t h H e t u l a and P i n u s , and the i m m i g r a t i o n of U l m u s , 
Q u e r c u s and C o r y l u s . none of w h i c h c o u l d make g r e a t 
i n r o a d s i n t o the open c o n d i t i o n s . S u c h s i t u a t i o n s 
were no doubt f a v o u r a b l e f o r the c o n g r e g a t i o n of the 
R e i n d e e r ( R a n g i f e r t a r a n d u s ) , \ ed d e e r ( C e r v u s sJL&e-a) 
and the Aurochs (Bos pr i m i g e n i u s ) , a s f e e d i n g ' a n d v / a t e r i n g 
p l a c e s . R e m a i n s o f a l l have b e e n found a t the K i l d a l e 
s i t e , and t h e i r f e e d i n g h a b i t s , and the p r a c t i c e s of 
t h e i r p u r s u i n g h u n t e r s may have c o n t r i b u t e d to the 
m a i n t e n a n c e of t h e s e open c o n d i t i o n s . 
V /ha tever f a c t o r s were r e s p o n s i b l e f o r s u c h 
c o n d i t i o n s , t h e y were not a b l e to keep pace w i t h 
e c o l o g i c a l s u c c e s s i o n f o r l o n g . The l a t e r B o r e a l 
p e r i o d , V and V I , saw a d i s t i n c t i n c r e a s e i n t r e e c o v e r . 
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F i r s t B e t u l a , w i t h ^ u e r c u s , Ulmus and C o r y l u s p l ? . y i n g a 
s u b s i d i a r y r o l e , and t h e n F i n u s and Cp_ri!jus dominated 
the l a n d s c a p e . T i l i ? and F r a x i n u s managed to c o l o n i s e 
some a r e a s , but d i d not c o n t r i b u t e g r e a t l y to the 
c o m p o s i t i o n of the f o r e s t s a t t h i s t i m e . Minor 
i n c u r s i o n s of h e a t h p l a n t s s u g g e s t t h a t p e r h a p s some 
s p o r a d i c a c t i v i t i e s were s t i l l b e i n g c a r r i e d out aroun--' 
the l a k e s i t e , w h i c h d i d not d r y up u n t i l the l a t e 
B o r e a l p e r i o d . 
The open ing of A t l a n t i c t ime was marked by a 
f u r t h e r m a j o r change i n the p a t t e r n of f o r e s t g r o w t h , but 
not i n i t s p e r c e n t a g e c o v e r , w h i c h c o n t i n u e d to i n c r e a s e 
s t e a d i l y . Now A l n u s , w h i c h i m m i g r a t e d i n the B o r e a l , 
expanded s h a r p l y , and Q u e r e u s , U l m u s , B e t u l a , T i 1 i a and 
F r a x i n u s formed a mixed d e c i d u o u s f o r e s t i n p l a c e of a 
p r e d o m i n a n t l y c o n i f e r o u s o n e , P i n u s d e c l i n i n g o u i c k l y 
and C o r y l u s h a v i n g r e d u c e d r e p r e s e n t a t i o n . T h i s 
p e r s i s t e d tov/ards the ' c l i m a t i c optimum' of Zone V i l a , 
the d e p o s i t s of and above v /h ich were not a v a i l a b l e f o r 
a n a l y s i s , due to remova l o r c e s s a t i o n of bog growth a t 
the s i t e , 
3 , 3 S t r a t i g r a p h y and P o l l e n A n a l y s i s a t Vest House 
West House P e a t C a r r (NZ 6 3 4 1 9 6 ) , l i e s on the 
w a t e r s h e d be tween K i l d a l e and S l e d d a l e , about 6 
k i l o m e t r e s (4 m i l e s ) s o u t h - w e s t of Ewe C r a g S l a c k , a t 
a h e i g h t of 178 m e t r e s (585 f e e t ) O . D . I t s o v e r a l l 
d i m e n s i o n s a r e a p p r o x i m a t e l y 2 0 0 m e t r e s ( n o r t h - s o u t h ) 
by 4 5 0 m e t r e s ( w e s t - e a s t ) , w i t h the shape of an 
e l o n g a t e d o v a l ( F i g u r e 1) ( P l a t e 3 ) . 
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T o p o g r a p h y 
The n a t u r e and o r i g i n of the V.'est !''ouse w a t e r s h e d 
was f i r s t d i s c u s s e d by K e n d a l l ( 1 9 0 2 , . . 1 9 0 3 ) , l a t e r 
b e i n g r e a f f i r m e d , ( K e n d a l l and V'root, 1924) . '..'he b r o a d , 
f l a t , p e a t c o v e r e d a r e a was thought to h a v e ^ o r i g i n a t e d 
on a mass of m a t e r i a l l a i d down a s a d e l t a . The 
R i v e r L e v e n ( f l o w i n g now w e s t w a r d s to j o i n the T e e s ) 
f o r m e r l y f l o w e d e a s t w a r d s to j o i n the .'Ssk v i a S l e d d a l e . 
D u r i n g the g l a c i a t i o n of the a r e a , the L e v e n debouched 
i n t o L a k e K i l d a l e n e a r 'Jes t H o u s e . T-'ere i t f i l l e d 
i t s f o r m e r c h a n n e l and b u i l t out a d e l t a i n t o the l a k e . 
A sudden f l o o d p r o b a b l y c a u s e d i t to change i t s c o u r s e 
and s c o u r out a new c h a n n e l v/e.stwards down the s t e e p e r 
g r a d i e n t . I t was e n v i s a g e d t h a t t h e r e was 46 m e t r e s 
( 1 5 0 f e e t ) of v /a ter i n t h i s r e g i o n a t the maximum of 
l a k e s y s t e m s , g r a d u a l l y d r a i n i n g u n t i l a t 175 m e t r e s 
(575 f e e t ) the V'est '^ouse w a t e r s h e d becane v i s i b l e , and 
L a k e i r i l d a l e s p l i t from L a k e E s k d a l e . K e n d a l l made a 
s e r i e s of a u g e r i n g s to i n v e s t i g a t e the s u b - s u r f a c e depth 
of n o n - o r g a n i c m a t t e r , - a s d i d H a w e l l e t a l . ( 1 9 0 2 ) , 
W.'TO c l a i m to have "bottomed" t h e i r b o r e r , i n L i a s s i c 
s h a l e and O o l i t i c s a n d s t o n e a few m e t r e s a p a r t . 
G r e g o r y ( 1 9 6 2 ) , a l s o a t t r i b u t e d the L e v e n ' s 
p r e s e n t c o u r s e to c a p t u r e , but not by the f o r m a t i o n of 
a b r i d g e d e l t a o r "corrom" a s K e n d a l l had s u g g e s t e d . 
G r e g o r y r e g a r d s the g l a c i a l d e p o s i t s i n t h i s p a r t of 
w e s t e r n . i l skdale a s l a r g e l y s u b - g l a c i a l i n o r i g i n , 
a s s o c i a t e d w i t h a g r e a t e r maximum e x t e n s i o n of 
V t ' e i c h s e l i a n i c e t h a n t h a t p r o p o s e d by K e n d a l 1. « ' h i l e 
t h e r e i s no d i r e c t b o r e h o l e , e v i d e n c e to i n d i c a t e the 
c o m p o s i t i o n of the S s k / L e v e n w a t e r s h e d . S t i t c h H i l l , 
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i m m e d i a t e l y to i t s n o r t h , s t a n d i n g 12 m e t r e s ( 4 0 f e e t ) 
above the v a l l e y f l o o r h a s a d i s t i n c t s u b - g l a c i a l 
morpho logy and l i t h o l o g y , and i t i s p r o b a b l e t h a t a 
s i m i l a r mass of g l a c i a l sand and g r a v e l c o m p r i s e s 
the West House d i v i d e , E r d t m a n ( 1 9 2 7 1 9 2 8 ) , 
c o n s i d e r e d the 'Jes t House J'oss i t s e l f to have o r i g i n a t e d 
i n B o r e a l t i m e , w i t h moss p e a t u n d e r l a i n by b i r c h wood 
p e a t , muddy d e t r i t u s , and g r e y sandy c l a y , making up 6 
m e t r e s ( 2 0 f e e t ) of s e d i m e n t s , a b o v e . i m p e n e t r a b l e 
d e p o s i t s . I n c o n t r a s t to o t h e r p e a t f i l l e d h o l l o w s , 
G r e g o r y h a s no a u g e r i n g r e c o r d s f o r West House C a r r . 
The p o s i t i o n of the bog a t the c o n s t r i c t e d head 
of K i l d a l e , w i t h s h a r p l y r i s i n g ground to b o t h n o r t h 
and s o u t h , means t h a t n a t u r a l d r a i n a g e i s r e s t r i c t e d to 
w e s t and e a s t . I t i s boi^nded by a r o a d on the west 
and s o u t h , and the Middlesbrough- ' tThi tby r a i l w a y l i n e on 
t h e n o r t h , and h a s been s u b j e c t e d to d r a i n a g e , c u t t i n g 
and g r a z i n g . 
V e g e t a t i o n 
A s a- c o n s e q u e n c e of human a c t i v i t y , the h y d r o l o g y 
and v e g e t a t i o n of the moss have b e e n , and a r e i n the 
p r o c e s s o f , m o d i f i c a t i o n . However , i t s t i l l r e t a i n s a 
c h a r a c t e r i s t i c a l l y convex r a i s e d bog morphology , upon 
w h i c h two q u i t e d i s t i n c t v e g e t a t i o n u n i t s c a n be 
r e c o g n i z e d . 
The m a r g i n s of the bog have been a l t e r e d by 
d r a i n a g e , h e r e the p e a t i s d r y , and s u p p o r t s g r a s s e s 
s u c h a s N a r d u s s t r i c t a , A g r o s t i s t e n u i s , ? ' o l i n i a c a e r u l e a , 
D e s c h a m p s i a f l e x u o s a , -Anthoxanthum odorattun and H o l c u s 
l a n a t u s . C a l l u n a v u l g a r i s . E r i c a t e t r a l i x . Aumex 
a c e t o s a and A l c h i l l e a m i l l i f o l i i i m a r e a l s o a b u n d a n t . 
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I n m a r g i n a l d r a i n a g e d i t c h e s and p e a t c u t t i n g s , J u n c u s 
s q u a r r o s u s . J . e f f u s u s . P o t e n t i l l a p a l u s t r i s . 
Potamogeton p o l y g o n i f o l i u s and P o l y t r i c h u m commune 
f l o u r i s h . The v e g e t a t i o n of the r a n d i s more t y p i c a l , 
c o n s i s t i n g of T r i c h o p h o r u m c a e s p i t o s u m , S r i o p h o r u m , 
a n g u s t i f o l i u m . E . v a g i n a t u m , C a r e x g l a u c a , C . p a n i c e a . 
C . n i g r a . N a r d u s s t r i c t a . h-ol i n i a . c a e r u l e a , P o t e n t i I l a 
e r e c t a , G a l i u m s a x a t i l e . C a l l u n a v u l g a r i s . E r i c a t e t r a l i x . 
V a c c i n i u m m y r t i l l u s , N a r t h e c i u m o s s i f r a g u m . Sphagnum 
p a p i 1 l o s u m , S . p a l u s t r e . S . rube H u m , D i c r a n u m s c o p a r i u m and 
D r o s e r a r o t u n d i f o l i a . T'owever, t h i s a r e a i s a l s o d r y i n g 
o u t , w i t h g r a s s l a n d corr-'uni t i e s e n c r o a c h i n g r a p i d l y upon 
i t . One s p e c i m e n of Sorbus a u c u p a r i a i n the n o r t h -
w e s t e r n c o r n e r of the m i r e , r e m a i n s a s the o n l y e v i d e n c e 
of f o r m e r t r e e growth on the bog s u r f a c e . 
S t r a t i g r a p h y 
The s t r a t i g r a p h y was i n v e s t i g a t e d by .nueans of two 
s e r i e s of l e v e l l e d b o r e h o l e s , i n t e r s e c t i n g a s shown 
( F i g u r e 14) . The r e s u l t s of the b o r i n g s a r e i n d i c a t e d 
i n F i g u r e 1 5 . 
The b a s a l d e p o s i t i s e v e r y w h e r e a v e r y t e n a c i o u s 
g r e y c l a y w i t h a n g u l a r s t o n e s , o v e r 20 cm. t h i c k i n a l l 
b o r i n g s but nowhere p e n e t r a b l e w i t h h a n d - b o r i n g 
e q u i p m e n t . T h i s i s s u c c e e d e d i n the c e n t r a l p a r t s of 
the r n r e by about 30 cm. o f b l u i s h - g r e y c l a y ni'ud 
c o n t a i n i n g E q u i se tum, C a r e x and J u n c u s r e m a i n s . The 
i n t e r f a c e w i t h the s t o n y c l a y i s not s h a r p , and the c l a y 
mud d i s a p p e a r s g r a d u a l l y l a t e r a l l y . F o l l o w i n g t h i s i s 
a w e l l d e v e l o p e d P h r a g m i t e s p e a t , u s u a l l y o v e r a metre 
t h i c k and c o n t a i n i n g abundant E q u i setum nodes and 




l i m e t r e s of a damp wood p e a t , w i t h P i n u s and S a l i x 
i n i t s rower p a r t s , and Be t u l a and A l n u s n e a r e r the upper 
b o u n d a r y of the d e p o s i t . O v e r l y i n g the wood p e a t i s a 
C a r e x p e a t , w e l l h u m i f i e d , w i t h some S r i o p h o r u i r . and 
B e t u l a t w i g s . i t the s o u t h e r n s i d e of the bog 5 cm. 
of g r e y s i l t y c l a y f e a t h e r s out from the s u r r o u n d i n g 
s l o p e s i n t o the m i r e , a t the Wood-Carex neat j u n c t i o n . 
I 7 i t h i n the 3j m e t r e s of C a r e x p e a t , 3 d i s t i n c t Sphagnum 
h o r i z o n s a r e i n t e r c a l a t e d . T h e f i r s t o c c u r s I j m e t r e s 
be low the p r e s e n t s u r f a c e , a v e r a g i n g 10 cm. i n t h i c k n e s s . 
30 cm. of mixed C a r e x - S p h a g n u m peat then g i v e s way to a 
2 5 - 3 0 cm. t h i c k Sphagnum l a y e r , 10-15 cm. more C a r e x -
Sphagnum p e a t and 15 cm. of aphagnum p e a t . The f i r s t 
and t h i r d h o r i z o n s o c c u r o n l y i n the c e n t r a l a r e a , the 
s e c o n d , m a j o r one., i s f ound o v e r the whole bog . The 
top 50 c m . , to the p r e s e n t s u r f a c e , i s a T i x e d s e d g e -
b r y o p h y t e p e a t , showing s igns* of d e s | i c c a t i o n , and b e i n g 
s u p e r c e d e d by g r a s s y sward a t the m a r g i n s . 
The maximum depth of d e p o s i t s e n c o u n t e r e d a t .Test 
House v/as 6 .1 m e t r e s ( 2 0 f e e t ) . 
P o l l e n and M a c r o f o s s i l A n a l y s i s and C h r o n o l o g y . 
S a m p l e s f o r p o l l e n and m a c r o f o s s i l a n a l y s i s were 
s e c u r e d i n 1968 from the b o r e h o l e i n d i c a t e d on T i ^ u r e 15 , 
The s t r a t i g r a p h y a p p r o p r i a t e t^ o the p o l l e n d i a g r a m 
shows : -
O - I O cm. D r y C a r e x p e a t w i t h ^^'olinia s t e m s , C a l l u n a 
t w i g s , l e a v e s of Sphagnum rube H u m , pa l u s t r e , 
S . a c u t i f o l i u m and D i c r a n u m s c o p a r i u m . 
10 -18 cm. L i g h t brown p u r e Sphagnum peat w i t h 
S . c u s p i d a t u m , S , r e c u r vum. 3 . rube H u m and S . m a g e l l a n i c u m . 
18-54 cm. M i d - b r o w n f a i r l y w e l l h u m i f i e d C a r e x pea t w i t h 
1 0 4 , 
some b r y o p h y t e r e m a i n s . L e a v e s of Sphagnum c u s p i d a t u m 
3 0 - 4 0 c m , , S . rube Hum a t 35 c m . , S . mage H a n i cum a t 
4 0 c m . , S . p a p i l l o s u m a t 50 c m . . R h a c o m i t r i u m 
l a n u g i n o s u m a t 35 c m . , D i c r a n u m s c o p a r i u m 30-45 c m . , 
P l e u r o z i u m s c h r e b e r i a t 45 cm. C a l l u n a tv/ igs 
t h r o u g h o u t . 
5 4 - 6 8 cm. L i g h t brown p u r e Sphagnum p e a t , w i t h S . 
c u s p i d a t u m d o m i n a n t , \ 1 S D S . t e n e l l u m . S . p a p i l l o s x i m . 
S . p a l u s t r e . S . a c u t i f o l i a a g g . L e a f of D icranum 
s c o p a r i u m a t 60 cm, C a l l u n a and o t h e r E r i c a c e o u s 
r e m a i n s a t 6 0 cm. A l g a l r e m a i n s t h r o u g h o u t . 
6 8 - 2 7 8 cm. M i d - b r o w n q u i t e w e l l h u m i f i e d C a r e x p e a t 
w i t h b r y o p h y t e r e m a i n s l o c a l l y abundant 6 8 - 1 8 0 cm. 
and 'Hriophorum vagina.tum r e m a i n s 180-278 cm. Sphagnxun 
c u s p i d a t u m . S . p a p i l l o s u m , S . r e c u r v u m . S . a c u t i f o l i a a g g . 
Rhacomi t r i u m a c i c u l a r e . Hypnum c u p r e s s i f o r m e . Camptotheci-um 
n i ten^ R h a c o m i t r i u m l a n u g i n o s u m the most common m o s s e s . 
C a r b o n i z e d C a l l u n a a t 90 and 145 cm. S p o r a n g i a of 
P t e r i d i u m a q u i l i n u m a t 9 0 and 150 cm. Stems of 
V a c c i n i u m o x y c o c c u s a t 150 cm. 
2 7 8 - 4 2 2 cm. M i d - b r o w n , damp wood p e a t , w i t h a m a t r i x of 
C a r e x s o p . i n the upper p a r t s , P h r a g m i t e s i n lov/er 
p a r t s . R e m a i n s of B e t u l a and acinus 2 7 8 - 3 7 0 c m . , and 
P i n u s . S a l i x and B e t u l a 370 -422 cm. C h a r c o a l f r e q u e n t 
3 5 0 - 4 1 0 c m . , w i t h s i l t a t 4 1 0 cm. L e a v e s of Sphagn\im 
p a p i 1 l o s u m a t 290 - 4 1 0 cm. L e a v e s of P o l y t r i c h u m commune 
a t 350 and 4 1 0 cm. 
4 2 2 - 5 3 8 cm. G r e y - b r o w n Phragmi t e s p e a t w i t h E q u i s e t u m 
nodes and Menyanthes t r i f o l i a t a s e e d s . F i n u s and S a l i x 
f r a g m e n t s 4 2 2 - 4 4 0 cm. S p o r a n g i a of T h e l y p t e r i s s p . a t 
4 3 0 and 530 cm. Seeds o f J u n c u s e f f u s u s a t 500 and 530 
cm. L e a v e s of D r e p a n o c l a d u s f l u i t a n s 4 6 0 - 4 8 0 cm. 
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5 3 8 - 5 7 3 cm. G r e y - b r o w n c l a y mud w i t h P h r a g m i t e s . 
E q u i s e t t u n . M e n y a n t h e s . C a r e x and J u n c u s r e m a i n s , 
5 7 3 - 6 1 0 cm. + T e n a c i o u s g r e y c l a y w i t h a n g u l a r s t o n e s . 
C y p e r a c e o u s and S r i c a c e o u s r e m a i n s i n the upper 20 c m , , 
becoming v e r y p u r e and i m p e n e t r a b l e w i t h d e p t h . 
The p o l l e n d i a g r a m ( F i g u r e 16) shows the f o l l o w i n g 
z o n e s . t o be p r e s e n t , and i s b a s e d upon a t o t a l t r e e 
p o l l e n sum : -
Zone I I I ( 6 1 0 - 5 7 2 cm.) 
H e r b a c e o u s dominance , p r i n c i p a l l y o f G r a m i n e a e , 
C y p e r a c e a e . Empetrxim. A r t e m i s i a . F i 1 i p e n d u l a . l^osaceae . 
R u b i a c e a e . S a x i f r a g a c e a e and Rumex a c e t o s a , S a l i x , 
B e t u l a n a n a and J u n i p e r u s p r e s e n t , B e t u l a the most 
i m p o r t a n t t r e e , o n l y P i n u s o t h e r w i s e r e p r e s e n t e d . 
A q u a t i c s a n d p t e r i d o p h y t e s o c c u r i n s i g n i f i c a n t 
f r e q u e n c i e s . A r m e r i a and S i l e n e r e c o r d e d . 
Zone I V ( 5 7 2 - 4 5 8 cm,) 
f^l ight i n c r e a s e s i n a r b o r e a l p o l l e n w i t h B e t u l a 
most i m p o r t a n t . C o r y l u s i m m i g r a t e s i n m i d - z o n e . 
Non a r b o r e a l p o l l e n v e r y s i g n i f i c a n t making up 75% of 
t o t a l p o l l e n i n some c a s e s , S a l i x , G r a m i n e a e . C y p e r a c e a e . 
T u b u l i f l o r a e , T i 1 i p e n d u l a . ^^osaceae, R u b i a c e a e and Rumex 
a c e t o s a have h i g h f r e q u e n c i e s , M e n y a n t h e s , T y p h a 
l a t i f o l i a . E q u i s e t u m . T h e l y p t e r i s and F i l i c a l e s a l s o 
i m p o r t a n t , C a l l u n a r e c o r d e d . 
Zone V ( 4 5 8 - 4 3 2 cm.) 
C o r y l u s r i s e s s h a r p l y a t the lower b o u n d a r y . 
A r b o r e a l p o l l e n now 45% of t o t a l p o l l e n w i t h 3 e t u l a and 
l a t e r P i n u s i m p o r t a n t . Most non a r b o r e a l p o l l e n t y p e s 
i m p o r t a n t i n Zone I V d e c l i n e , but G r a m i n e a e , C y p e r a c e a e , 
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F i l i p e n d u l a and Rumex a c e t o s a r e - e x p a n d i n m i d - z o n e . 
Ulmus and Q u e r c u s r e c o r d e d . 
Zone V I ( 4 3 2 - 3 3 2 cm,) 
The. f o l l o w i n g s u b - d i v i s i o n s c a n be r e c o g n i z e d : -
V i a ( 4 3 2 - 4 1 2 cm. ) 
Lower boundary marked by a f a l l i n B e t u l a and a n 
e x p a n s i o n of P i n u s and C o r y l u s , Ulmus e x c e e d s Q u e r c u s 
i n f r e q u e n c y , A l n u s i m m i g r a t e s . Melampyrum. C a l l u n a . 
E r i c a l e s and Succisa p r e s e n t . T r e e s and s c r u b s c o m p r i s e 
85% of t o t a l p o l l e n . 
V i b ( 4 1 2 - 3 7 5 cm. ) 
P i n u s - C o r y l u s dominance b e g i n s to r e c e e d l a t e i n 
the s u b - z o n e , A l n u s expands s l i g h t l y and Ulmus and 
Q u e r c u s w e l l r e p r e s e n t e d , F i l i p e n d u l a . Melampyrum and 
S u c c i s a p r e s e n t , P t e r i d i u m f i r s t a p p e a r s and F i l i c a l e s 
e x p a n d . 
V i c ( 3 7 5 - 3 3 2 cm, ) 
P i n u s - C o r y l u s ; l o s e s d o m i n a n c e , and B e t u l a . 
Q u e r c u s , U l m u s , A l n u s and T i 1 i a i n c r e a s e i n f r e q u e n c y . 
H e r b s make up under 10 .^ of t o t a l p o l l e n , but a s m a l l 
e x t e n s i o n of Qrgmineae o c c u r s n e a r the upper b o u n d a r y . 
Zone V i l a ( 3 3 2 - 1 9 8 cm.) 
Lower bouncfary c h a r a c t e r i z e d by a f a l l i n '^ inus , 
C o r y l u s and B e t u l a and a r a p i d i n c r e a s e of A l n u s ( d a t e d 
by R a d i o c a r b o n a t a l e v e l j u s t above the lower boundary 
to 6 , 6 5 0 - 290 BP : 4 , 7 0 0 - 2 9 0 B . C . (Gak 2706) ) . 
Q u e r c u s , U l m u s , T i l i a and F r a x i n u s expand by m i d - z o n e , 
L o n i c e r a r e c o r d e d . 
107 
Z o n e s V l l b and V I I I ( 1 9 8 - 0 cm. ) 
No d i v i s i o n i n t o a s e p a r ? t e V l l b and V H I i s made. 
W i t h i n the c o m p l e x , 3 s u b - z o n e s c a n be c h a r a c t e r i z e d : -
S u b - Z o n e A ( 1 9 8 - 1 3 9 cm. ) 
O p e n i n g marked by sn Ulmus c'ecl i n e and a s l i g h t 
f a l l and l a t e r r e c o v e r y of a r b o r e a l p o l l e n , C o r y l u s 
expands s l i g h t l y but h e r b s r e m a i n i n low f r e q u e n c i e s , 
G r a m i n e a e , C a l l u n a , S r i c a l e s and F i l i p e n d u l a i n c r e a s e , 
P l a n t a g o l a n c e o l a t a f i r s t a p p e a r s and 'a Helampyrum peak 
o c c u r s , 
S u b - Z o n e B ( 1 3 9 - 4 3 cm.) 
Lower boundary c h a r a c t e r i z e d by a d e c l i n e and 
t e m p o r a r y d i s a p p e a r a n c e of U l m u s , and a f a l l i n T i l i a 
v a l u e s , to jgether w i t h most o t h e r t r e e s , F a g u s a p p e a r s 
and i T r a x i n u s e s t a b l i s h e s a c o n t i n u o u s c u r v e , C o r y l u s 
e x p a n d s . S o r b u s and I l e x r e c o r d e d . C e r e a l i a f i r s t 
a p p e a r and G r a m i n e a e . C a 1 l u n a , A r t e m i s i a , L i g u l i f l o r a e . 
P l a n t a g o l a n c e o l a t a , P l a n t a g o m a j o r / m e d i a , R a n u n c u l a c e a e , 
R o s a c e a e . R u b i a c e a e . aumex a c e t o s a and U r t i c a i n c r e a s e 
i n f r e q u e n c y , t o g e t h e r w i t h P t e r i d i u m and F i l i c a l e s . 
S p e r g u l a r i a r e c o r d e d . A r b o r e a l p o l l e n l e s s t h a n 30fo 
of t o t a l p o l l e n n e a r z o n e ' s c o n c l u s i o n , ophagnum 
i n c r e a s e s s t e a d i l y t h r o u g h o u t . 
S u b - Z o n e C ( 4 3 - 0 cm.) 
M a j o r i n c r e a s e s i n h e r b s commence a t the lower 
f 
boundary w i t h t r e e s and s h r u b s d e c l i n i n g s h a r p l y i n 
f r e q u e n c y . F r a x i n u s and F a g u s , o n l y become b e t t e r 
e s t a b l i s h e d and a r b o r e a l p o l l e n v a l u e s f a l 1 to about 
10^ 5 of t o t a l p o l l e n . G r a m i n e a e , C e r e a l i a , C y p e r a c e a e , 
C a l l u n a . S r i c a l e s , T u b u l i f l o r a e . A r t e m i s i a , L i g u l i f l o r a e , 
C h e n o p o d i a c e a e , C r u c i f e r a e . P l a n t a g o l a n c e o l a t a . 
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P l a n t a g o m a j o r / m e d i a . R a n u n c u l a c e a e . R o s a c e a e . R u b i a c e a e . 
Rumex a c e t o s a . U m b e l l i f e r a e , U r t i c a . P t e r i d i u a and 
F i l i c a l e s f r e q u e n c i e s i n c r e a s e s h a r p l y . E n i l o b i u m . 
C i r s i u n , I luraulus - C a n n a b i s T . , Polygonum c o n v o l v u l u s , 
V i e i a and V a l e r i a n a r e c o r d e d . Sphagnum r e a c h e s i t s 
maximum of d e v e l o p m e n t . Non a r b o r e a l p o l l e n 
c o n s t i t u t e s o v e r 9CFiB of t o t a l p o l l e n . 
The T e v e l o p m e n t of the ? ' i r e S y s t e m 
The f o u n d a t i o n s of V,'est Mouse T o s s were l a i d by 
i c e of the l a s t g l a c i a t i o n , and e x p o s e d a f t e r t h a t i c e 
h a d become s t a g n a n t , i n w e s t e r n E s k d a l e and c e g l a c i a t i o n 
was c o m p l e t e d t h e r e . They took the foria of an expanse 
of hu-imocky f l u v i o - g l a c i a l g r a v e l s a t the head of K i l d a l e , 
i n w h i c h s m a l l s h e e t s of open w a t e r e x i s t e d throughout 
t h e f o l l o w i n g L a t e - g l a c i a l p e r i o d . 
The s o l i f l u c t i o n of L a t e ' - . ' e i c h s e l i a n t ime p r o d u c e d 
h e r e a s t o n y f,rey c l a y w h i c h f o r m s the b a s a l d e p o s i t o f 
t h e m i r e s y s t e m . T h i s c l a y i s not s t r a t i f i e d and 
p r o b a b l y r e p r e s e n t s the m a j o r i t y o f L a t e - g l a c i a l t i n e , 
h a v i n g been s u b j e c t e d to e r o s i o n and r e - d e p o s i t i o n , 
e s p e c i a l l y i n the l a s t c o l d p h a s e o f the p e r i o d (Zone I I I ) , 
w h i c h the p o l l e n s p e c t r a of the l o w e s t a n a l y s e d l e v e l s 
i n d i c a t e to be p r e s e n t . The v e g e t a t i o n t h e n was f a i r l y 
s p a r s e v/i th c l a r g e l y t r e e l e s s l a n d s c a p e , accompanied by 
a f a i r l y i m p o v e r i s h e d n i r e s y s t e m , v/it!: C y p e r a c e a e and 
G r a m i n e a e d o m i n a t i n g the m a r g i n s of the open v / a t e r , where 
Potamogeton was g r o v / i n g . At a t ime c o r r e s p o n d i n g to 
the o p e n i n g of t h e P o s t - g l a c i a l p e r i o d , the s t o n y c l a y 
i s s u p e r c e d e d by a c l a y mud w i t h much more o r g a n i c 
m a t e r i a l and v e r y l i t t l e s i l t , S o l i f l u c t i o n h a d , by 
now, c e a s e d , and the p o l l e n and m a c r o f o s s i l e v i d e n c e 
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shows t h a t open w a t e r , w i t h Pot&irogeton was s u r r o u n d e d 
by reedswamp and f e n , w i t h T y p h a l a t i f o l i a . P h r a g m i t e s , 
S q u i s e tum. Menyanthes t r i f o l i a t a . J u n c u s . C a r e x , " - y d r o c o t y l e . 
F i 1 i p e n d u l a . Ly; .chni^ and T h e l y p t e r i s n o m i n a t i n g . A 
f u l l e r deve lopment of reedswpup soon e n s u e d , w i t h 
Phragmi t e s . E q u i se tum. I ' e n y a n t h e s and T h e l y p t e r i s 
s p r e a d i n g o v e r the whole a r e a , and r e m a i n i n g u n t i l e a r l y 
i n Zone V I , when i t p a s s e d i n t o a b a s e - r i c h , f e n c a r r , 
d o m i n a t e d by S a l i x and B e t u l a . q u i t e darp.p and w i t h 
p a t c h e s of Phragmi tes ,^ s edges and b r y o p h y t e s . The 
l a t e r s t a g e s of t h i s f e n c a r r e x i s t e d around the t ime 
of the B o r e a l / A t l a n t i c T r a n s i t i o n , when A l n u s a l s o 
began to grow a r o u n d i t s f r i n g e s . The r i s e i n the 
A l n u s p o l l e n c u r v e to a m.aximum, ( s i g n i f y i n g the opening 
of Zone V i l a ) , h a s been d a t e d by R a d i o c a r b o n h e r e to 
4 , 7 0 0 ' 2 9 0 B . C . ( G a k - 2 7 0 6 ) , when f e n - c a r r was s t i l l i n 
e x i s t e n c e , but b e g i n n i n g to be i n f l u e n c e d by a r i s i n g 
w a t e r t a b l e . T h i s e v e n t u a l l y l e d to swamping, and the 
r a p i d growth of a sedge - b r y o p h y t e , more a c i d coiprr'.uni t y , 
s u p p l i e d by p r e c i p i t a t i o n a s i t grew u p w a r d s , f o r m i n g a 
t y p i c a l r a i s e d bog . T h i s deve lopment c o n t i n u e d 
t h r o u g h o u t the ' c l i m a t i c o p t i m u m ' , and i n t o Zones V l l b 
and V I I I , when the p o l l e n d i a g r a m i n d i c a t e s q u i t e i n t e n s e 
a n t h r o p o g e n i c a c t i v i t y i n the a r e a . Near the s o u t h e r n 
edge of the m i r e , a band of f i n e , g r e y s i l t i s found a t 
the i n t e r f a c e of the f en-wood p e a t and the C a r e x p e a t , 
f ormed a t a t ime of human i n t e r f e r e n c e w i t h the 
s u r r o u n d i n g l a n d s c a p e , and a s s o c i a t e d w i t h c h a r c o a l i n 
the p e a t . C a l l u n a and K o l i n i a m a c r o f o s s i 1 s , and 
c h a r c o a l , i n d i c a t e t h a t by l a t e Zones V I T b - V I I I the bog 
had become t r e e l e s s and q u i t e d r y a t the s u r f a c e ; though 
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the b r y o p h y t e s p r e s e n t , show t h a t f o r m a t i o n was s t i l l 
a c t i v e i n p l a c e s towards i t s c e n t r e . T h r e e d i s t i n c t 
moss h o r i z o n s , dominated by v a r i o u s s p e c i e s , 
( p r i n c i p a l l y of Sphagnum), o c c u r a t , and around what 
may be the o p e n i n g of Zone V I I I , ( t h e S u b - a t l a n t i c p e r i o d ) , 
and s e p a r a t e d by mixed s e d g e - b r y o p b y t e a s s o c i a t i o n s . 
T h e s e a r e i n d i c a t i v e of an i n c r e a s e i n w e t n e s s , and 
r e n e w e d , w i d e s p r e a d , a c t i v e bog g r o w t h . 3otb p o o l and 
hummock f o r m i n g s p e c i e s of "'phagnum were p r e s e n t , 
t o g e t h e r w i t h Rhacomi t r i u m , C i c r a n u m and P 1 e u r o z i u r n , 
i n d i c a t i v e of a q u i t e a c i d e n v i r o n m e n t . I n the 
i n t e r v e n i n g p e r i o d s , i t seems to have been a l i t t l e l e s s 
damp, w i t h C a l l u n a and ^ • o l i n i a a b l e to c o l o n i z e a g a i n , 
P t e r i d i u i r * i m p o r t a n t , p r e s u m a b l y on the s u r r o u n d i n g s l o p e s ; 
a s i t u a t i o n w h i c h i s r e f l e c t e d i n the i -^mediate ly 
s u b - s u r f a c e l a y e r s , and a l s o upon the p r e s e n t bog s u r f a c e , 
b o t h of w h i c h have s u f f e r e d c o n s i d e r a b l e d i s t u r b a n c e i n 
h i s t o r i c t i m e . 
V e g e t a t i o n a l T^ i s tory of the 'Vest ^-'ouse .Area 
The i n i t i a l v e g e t a t i o n type r e p r e s e n t e d f o r the 
West House a r e a was a shrub h e a t h community of a v e r y 
open n a t u r e , B e t u l a n a n s , Sa^lJLx and J u n i p e r u s dominated 
the s h r u b component . 2?tjiJL_a and P i , 1 ^ were the o n l y 
t r e e s p r e s e n t , the l a t t e r s f l u c t u a t i n g p e r c e n t a g e 
s u g g e s t i n g i t s p r e s e n c e some way from the s i t e and 
t r a n s p o r t to t h e r e through the v e r y open v e g e t a t i o n . 
I n any c a s e , t h e i r combined c o n t r i b u t i o n to the 
v e g e t a t i o n c o v e r was not more t h a n lO>r. Dry H e a t h s 
were p r e s e n t on the w e l l d r a i n e d s l o p e s w i t h JC'^petru-i, 
A r t e m i s i a , G r a m i n e a e , Rumex a c e t o s a and Arme r i a 
i m p o r t a n t c o n s t i t u e n t s . The o v e r a l l c o n d i t i o n s were 
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ones where s o l i f l u c t i o n was i m p o r t a n t , and communi t i e s 
g e n e r a U y were u n s t a b l e , w i t h l a r g e e x t e n t s of b a r e 
g r o u n d , and C y p e r a c e a e . F i l i p e n d u l a . C a r y o p h y H a c e a e , 
R u b i a c e a e and C h e n o p o d i a c e a e o c c u p y i n g the damper 
s i t u a t i o n s . 
S i m i l a r l y to I ' i l d a l e J a i l , the opening of the 
P o s t - g l a c i a l p e r i o d d i d not p r o v i d e a s u f f i c i e n t 
i m p e t u s around .7est H o u s e , f o r a m a j o r r a p i d e n c l o s u r e 
of the l a n d s c a p e by t r e e s . H e r e , throughout b o t h 
Zones I V and V , w h i l e some deve lopment of c l o s e d b i r c h 
woodland was e v i d e n t , the m a j o r f e a t u r e was a p e r i o d of 
r e l a t i v e l y l u x u r i a n t shrub and h e r b v e g e t a t i o n 
d o m i n a t e d by S a l i x . R o s a c e a e , Empetrum and G r a m i n e a e . 
The t y p e s characteristic of L a t e - g l a c i a l c o n d i t i o n s d e c l i n e d 
s h a r p l y ( e . g . B e t u l a n a n a , J u n i p e r u s , A r t e m i s i a . Rumex 
a c e t o s a and A u b i a c e a e ) . 
l / h i l e Q e t u l a . and by no a l m o s t c e r t a i n l y P i n u s 
were p r e s e n t , C o r j ^ l u s imm.igrated and began to e x p a n d , 
o b v i o u s l y f i n d i n g abundant s u i t a b l e h a b i t a t s . L a t e i n 
Zone V Ulmus a p p e a r e d , but i t was not u n t i l l a t e r B o r e a l 
t i m e , i n Zone V I t h a t the a r e a f i r s t became c l o s e d 
w o o d l a n d . T h r o u g h o u t Zone V I P i n u s and C o r y l u s 
d o m i n a t e d the s p e c t r u m t a k i n g o v e r from B e t u l a , and 
b e i n g much more w i d e s p r e a d t h a n e i t h e r Que r e u s , U.Tmus, 
A l n u s or T i l i a w h i c h were a l l p r e s e n t , but i n no more 
t h a n c e r t a i n f a v o u r e d l o c a l i t i e s such a s p a t c h e s of 
b a s e r i c h s o i l o r s t r e a m s i d e s . A t emporary opening of 
the f o r e s t i s s u g g e s t e d t w i c e w i t h i n Zone V I . A t the 
b e g i n n i n g of the Zone , E r i c a l e s e x p a n d e d , a l o n g w i t h 
Melampyrum and P t e r i d i t i m , a l s o S u c c i s a and C h e n o p o d i a c e a e 
were p r e s e n t , i n d i c a t i n g some d i s t u r b a n c e of the 
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v e g e t a t i o n , and p e r h a p s a t emporary c l e a r a n c e n e a r 
t h e .'zone's c o n c l u s i o n , G r a m i n e a e and P t e r i d i u m 
i n c r e a s e d , s u g g e s t i n g a f u r t h e r t emporary c l e a r i n g 
i n what was by now a c l o s e d w o o d l a n d . T h i s 
s i t u a t i o n c o n t i n u e d but i t s components e f f e c t i v e l y 
changed a t about the t ime of the B o r e a l - / A t l a n t i c 
T r a n s i t i o n , d a t e d a t t h i s s i t e to 4 , 7 0 0 B . C . 
( G a k - 2 7 0 6 ) . Now the p i n e - h a z e l f o r e s t s gave way 
q u i t e q u i c k l y to a mixed d e c i d u o u s f o r e s t i n w h i c h 
Q u e r c u s . B e t u l a . U l m u s . T i l i a , F r a x i n u s and above a l l , 
A l n u s were d o m i n a n t s i n the l a n d s c a p e , w h i c h was now 
o v e r 80?; t r e e c o v e r e d . 
T h i s s i t u a t i o n p e r s i s t e d u n t i l Zones V l l b and 
V I I I when the f i r s t r e d u c t i o n s i n f o r e s t c o v e r were 
e f f e c t e d . T h r e e q u i t e d i s t i n c t S u b - Z o n e s a r e 
r e c o g n i z a b l e , and w i t h i n t h e s e , s e v e r a l p h a s e s 
a p p r o a c h i n g a ' l a n d n a m ' ( I v e r s e n , 1 9 4 1 ) c a n be d i s c e r n e d 
to h a v e b e e n a p p r o a c h e d , Sub-Zone A i s c h a r a c t e r i z e d 
by s e e m i n g l y s e l e c t i v e a t t a c k s on c e r t a i n t r e e s p e c i e s , 
p a r t i c u l a r l y Ulmus and T i l i a . and the e x t e n s i o n of some 
open h a b i t a t p l a n t s s u c h a s G r a m i n e a e , i 'e lampyrum and 
P t e r i d i u m , T h i s s u g g e s t s t h a t c l e a r a n c e was s m a l l 
s c a l e , but q u i t e e f f e c t i v e w i t h p a s t o r a l a c t i v i t y 
d o m i n a n t . Soon a f t e r the c l e a r a n c e s , C o r y l u s and 
F r a x i n u s expanded p r o b a b l y r e c o l o n i z i n g c l e a r e d a r e a s , 
to be s u c c e e d e d by r e g e n e r a t i o n of t r e e s , and v e r y l i t t l e 
o v e r a l l r e d u c t i o n i n t r e e c o v e r a t t h i s e a r l y , s t a g e . 
The s e c o n d p a r t of Z o n e s V I l b and V I I I , Sub-Zone B , 
saw a much more c o n c e r t e d a t t a c k oh the f o r e s t s . ' 
Now, a p a r t from Ulmus and T i 1 i a . o t h e r t r e e s d e c l i n e d , 
e s p e c i a l l y Q u e r c u s and A l n u s . The c l e a r i n g s thus 
c r e a t e d were u s e d m a i n l y f o r p a s t o r a l a c t i v i t y , w i t h 
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P l a n t a g o l a n c e o l a t a . P t e r i d i u m andGramineae w i d e s p r e a d . 
H o w e v e r , c u l t i v a t i o n was b e i n g p r a c t i s e d too , and 
C e r e a l i a ( m a i n l y T r i t i c \ j m d i c o c c u m and Kordeum T . ) were 
b e i n g grown. R e c o l o n i z a t i o n was s t i l l t a k i n g p l a c e ; 
F r a x i nus and C o r y l u s f u . l f i l l i n g t h i s f u n c t i o n , F a g u s and 
S o r b u s a p p e a r i n g too i n n e w l y c l e a r e d a r e a s . 
S u b - Z o n e C ( o n l y the e a r l y p a r t of w h i c h i s 
r e p r e s e n t e d ) p r o v i d e d a c o n t i n u a t i o n of Sub-Zone B , 
but once a g a i n , w i t h i n c r e a s i n g e f f e c t i v e n e s s . The 
s h r u b components , p a r t i c u l a r l y C o r y l u s now began to be 
c l e a r e d , a s w e l l as a l l t y p e s of t r e e s , u n t i l they 
formed u n d e r lOTo of the v e g e t a t i o n . A v a s t a r e a of 
l a n d was now i n human u s e , b o t h as p a s t u r e ( P l a n t a g o 
s p p « » G r a j n i n e a e , P t e r i d i t i m v a l u e s a r e h i g h ) and a l s o a s 
a r a b l e , ( C e r e a l s - m a i n l y Hordeum T . and Avena T . , 
Rumex a c e t o s a , C h e n o p o d i a c e a e , A r t e m i s i a , Composi t a e , 
C r u c i f e r a e , Humu1us-Cannabi s T . . U r t i c a and V i c i a a r e 
w e l l r e p r e s e n t e d ) . - is w e l l a s t h i s a c t i v i t y , a f a i r l y 
new phenomenon was t a k i n g p l a c e , the c o l o n i z a t i o n of 
l a r g e c l e a r e d a r e a s by v a s t e x p a n s e s of C a l l u n a , o t h e r 
E r i c a l e s and G r a m i n e a e f o r m i n g the f o r e r u n n e r s of the 
p r e s e n t day v e g e t a t i o n of h e a t h e r m o o r l a n d s and poor 
a c i d p a s t u r e l a n d i n the a r e a a r o u n d 'Jes t H o u s e . 
3 . 4 S t r a t i g r a p h y and P o l l e n A n a l y s i s a t Swe C r a g S l a c k 
Ewe C r a g S l a c k (NZ 695110) i s a b r o a d d e p r e s s i o n 
of a l m o s t 1 ,5 k i l o m e t r e s ( l m i l e ) l e n g t h , c r o s s i n g the 
N o r t h C l e v e l a n d w a t e r s h e d on Danby Low VOOT a t a h e i g h t 
of 236 m e t r e s ( 7 7 0 f e e t ) O . D . , due n o r t h of the v i l l a g e 
of D a n b y . To the n o r t h i t g r a d e s i n t o the d r i f t 
c o v e r e d C l e v e l a n d P l a t e a u , to the s o u t h i t f a l l s i n t o 
E s k d a l e . I t c o n t a i n s an i n f i l l i n g of p e a t , p a r t i c u l a r l y 
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w e l l d e v e l o p e d i n i t s c e n t r a l a r e a ( F i g u r e 1) ( P l a t e 4 ) . 
T o p o g r a p h y 
The whole f e a t u r e i s c u t i n s o l i d r o c k , i t s depth 
r a n g i n g f rom 8 m e t r e s (26 f e e t ) where i t t r a v e r s e s the 
w a t e r s h e d to 23 m e t r e s ( 7 5 f e e t ) i n i t s s o u t h e r n p a r t 
where i t a s sumes ?. r a v i n e - l i k e f o r m . D r a i n a g e i s 
a b s e n t from the m a j o r i t y of the d e p r e s s i o n , but s m a l l 
s t r e a m s i s s u e from s p r i n g s i n the lower r e a c h e s . The 
breadt .h of the f l o o r r a r e l y e x c e e d s 150 m e t r e s (492 
f e e t ) and i t s form i s g e n e r a l l y f l a t , b e i n g the s u r f a c e 
of a n i n f i l l i n g of sed iment of v a r y i n g t h i c k n e s s . 
The e a r l i e s t i n t e r p r e t a t i o n of i t s f o r n and o r i g i n 
was o f f e r e d by K e n d a l l ( 1 9 0 2 ) , who s u g g e s t e d t h a t i t had 
f o r m e d s u b - a e r i a l l y i n the P l e i s t o c e n e , a s the m?.in 
d r a i n a g e c h a n n e l of ice-dammed L a k e IZoorsholm southwards 
i n t o L a k e E s k d a l e , T h i s viev/ h a s been c h a l l e n g e d by 
G r e g o r y (1962) who showed t h a t Ewe C r a g S l a c k had a 
'hump p r o f i l e ' ( f o r m e d by u p h i l l movement of w a t e r a c r o s s 
a d i v i d e ) and b r e a c h e d a p r e - g l a c i a l w a t e r s h e d , c o n c l u d i n g 
t h a t i t s o r i g i n s were l i k e l y to have been s u b - g l a c i a l 
r a t h e r t h a n s u b - a e r i a l . 
The a c c u m u l a t i o n of o r g a n i c m a t t e r was n o t e d f i r s t 
by K e n d a l l ( 1 9 0 2 , . 1 9 0 3 ) , who i n a s e r i e s of b o r i n g s , 
r e c o r d e d a maximum depth of 6 . 5 m e t r e s (21 f e e t ) of p e a t 
" a t a p o i n t where the bog s l o p e s u p s t r e a m as w e l l a s down". 
E l g e e (1912) n o t e d the p r e s e n c e of the d e p o s i t s i n the 
c h a n n e l , and ^Srdtman ( 1927) p r o d u c e d o u t l i n e s e c t i o n s and 
p o l l e n d i a g r a m s . f o r the s i t e . He s t a t e d t h a t the 
s t r a t i g r a p h y c o n s i s t e d of f o r e s t p e a t c o v e r e d w i t h 
d e c a y e d v a g i n a t u m p e a t , the l a t t e r w i t h some c l a y e y 
downwash i n p l a c e s , and a t t r i b u t e d the e a r l i e s t d e p o s i t s 
to B o r e a l t i m e , G r e g o r y (1962) e s t a b l i s h e d a maximum . 
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d e p t h of 5 , 7 m e t r e s ( 1 8 f e e t ) c o m p r i s i n g b e d r o c k 
c o v e r e d by a t h i n v e n e e r of c l a y o v e r l a i n by" p e a t . 
Veg^e_tat_i_qn 
E l g e e ( 1 9 1 2 , 1914) drew a t t e n t i o n to the v e g e t a t i o n 
of Ewe C r a g S l a c k a s a t y p i c a l example of t h a t found i n 
s u c h ( d e p r e s s i o n s , and d i s c u s s e d e a r l i e r (page 31 ) . At 
the ends of the d e p r e s s i o n J u n c u s c o n m u n i t i e s p r e v a i l , 
d o m i n a t e d by J u n c u s e f f u s u s and J u n c u s . c o n g l o t r e r a t u s 
wi th Sphagnum c u s p i d a t u m and Sphagnum pa l u s t r e a b u n d a n t . 
T h e r e swampy a r e a s a r e f e d by s t r e a m s of p e a t y w a t e r 
e m a n a t i n g from the c e n t r a l m o r a s s , and p r o v i d i n g i d e ? l , 
m i n e r a l r i c h e c o l o g i c a l c o n d i t i o n s e n a b l i n g them to 
f l o u r i s h . A l s o , f a i r l y e x t e n s i v e p e a t c u t t i n g h a s l e f t 
h o l l o w s w h i c h have become w a t e r l o g g e d and i n i t i a l l y 
o c c u p i e d by a J u n c o - S p h a g n e t a a s s o c i a t i o n . T h e s e a r e 
i n v a r i o u s s t a g e s of r e p l a c e m e n t by S r i o p h o r u m - C a l l u n a 
a s s o c i a t i o n a s the humus becomes more s o l i d . I t i s t h i s 
s o l i d humus f o r m a t i o n w h i c h o c c u p i e s the m a j o r i t y of the 
deep p e a t a r e a . C a l l u n a v u l g a r i s . I S r i c a t e t r a l i x , 
Empetrum n i g r u m , E r i o p h o r u m v a g i n a t u r n , E r i o p h o r u m 
a u g u s t i f o l i u m , > ' o l i n i a c a e r u l e a , D e s c h a m p s i a f l e x u o s a , 
Sphagnum a c u t i f o l i u m , Sphagnum rube 1lum and Sphagnum 
p a p i 1 l o s u m dominate the d r i e r a r e a s , w h i l e the s u r f a c e 
i s p i t t e d w i t h a complex of p o o l s and v e r y damp a r e a s , 
where Sphagnum c u s p i d a t u m , Sphagnum r e c u r v u m . Sphagnum 
plumulos i im and Po^lytrichvmi commune a r e f o u n d , w i t h C a r e x 
n i g r a , C a r e x r o s t r a t a , J u n c u s s q u a r r o s u s , J u n c u s e f f u s u s 
amd J u n c u s a c u t i f o r m i s . Boo f o r m a t i o n i s a c t i v e h e r e , 
w i t h r a f t s of Sphagnxim ( p r i n c i p a l l y 3 . recurvum) f o r m i n g 
i n h o l l o w s , and n e a r the m i r e e d g e s . The s l o p e s of the 
c h a n n e l a r e dominated by P t e r i d i x i m a a u i l i n u m w i t h C a l l u n a 
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v u l g a r i s . V a c c i n i u m m v r t i l l u s . E r i c a c i n e r e a . C a r e x 
and E r i o p h o r u m . P o t e n t i l l a e r e c t a i s a b u n d a n t , 
c o l o n i z i n g b u r n t p a t c h e s , where C l a d o n i a r a n g i f e r a i s 
f ound i n p r o f u s i o n . T r e e s and s h r u b s a r e v i r t u a l l y 
non e x i s t e n t , w i t h a few s c a t t e r e d s p e c i m e n s of 
I l e x a q u i f o l i u m . S o r b u s a u c u p a r i a and C r a t a e g u s 
monogyna f o u n d i n the s h e l t e r e d , deeper r a v i n e s e c t i o n . 
S t r a t i g r a p h y 
The s t r a t i g r a p h y was i n v e s t i g a t e d by means of two 
l e v e l l e d t r a n s e c t s of b o r i n g s a c r o s s the c h a n n e l , the 
p o s i t i o n s of w h i c h a r e shown ( F i g u r e 1 7 ) , The r e s u l t s 
o b t a i n e d a r e p r e s e n t e d i n F i g u r e 18 , 
I n i t i a l t e s t s i n d i c a t e d t h a t the d e e p e s t s e c t i o n s 
l a y i n the r e l a t i v e l y f l a t ' a r e a where the w a t e r s h e d i s 
b r e a c h e d , A t r a n s e c t h e r e r e v e a l e d a b a s i n - l i k e 
h o l l o v / , the l o w e s t d e p o s i t o f w h i c h i s a t e n a c i o u s b l u e 
c l a y w i t h niimerous a n g u l a r s t o n e s , a v e r a g i n g o v e r a 
m e t r e i n t h i c k n e s s , and not c o m p l e t e l y Seimpled w i t h the 
c o r i n g d e v i c e s . O v e r l y i n g t h i s i s a d r y wood p e a t w i t h 
a n amorphous m a t r i x , and B e t u l a . P i n u s and S a l i x 
f r a g m e n t s , a t t a i n i n g some 1-| m e t r e s i n p l a c e s . 
S u p e r c e d i n g t h i s i s a w e l l h u m i f i e d C a r e x p e a t w i t h 
E r i o p h o r u m b a n d s , and B e t u l a and A l n u s f r a g m e n t s , of up 
to 4 m e t r e s i n t h i c k n e s s . I n the upper 50 cm. of t h i s 
d e p o s i t two bands of f i n e g r e y s i l t , e a c h about 10 cm. 
t h i c k , wedge out from the e a s t e r n s i d e of the m i r e f o r 
a p p r o x i m a t e l y 10 m e t r e s . The upper boundary of the 
y o u n g e s t s i l t l a y e r forms the j u n c t i o n be tween the 
C a r e x p e a t and a damp, c o m p a c t , mid -brown Sphagnum p e a t 
w i t h a l t e r n a t i o n s of dominant p o o l and hummock f o r m i n g 
s p e c i e s , s u c h as Sphagniim c u s p i d a t u m and ophagnxim 
8 I UJ 
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•papi 1 losum and Sphagnum rube 1 lum. t o g e t h e r w i t h 
mo>H;ocotyledo>nqus r e m a i n s , ( C a r i c e s and g r a s s e s ) , a s 
w e l l a s C a l l u n a t w i g s . The whole d e p o s i t i s around 
l i m e t r e s i n t h i c k n e s s , w i t h e r i c a c e o u s m a t e r i a l common 
o n l y i n the l a s t m e t r e , and the bog s u r f a c e composed of 
a n a d m i x t u r e of Sphagnum s p p . S r i o p h o r i a n a n g u s t i f o l i \ i m 
and C a r i c e s . The o v e r a l l maximum t h i c k n e s s of the 
s e d i m e n t s i n t h i s t r a n s e c t was 5j; m e t r e s (17 f e e t ) . 
The second t r a n s e c t was made some 150 n i t r e s s o u t h 
of the f i r s t , i n a n a r r o w e r p o r t i o n of the c h a n n e l , and 
the g r o s s s t r a t i g r a p h y p r o v e d a l m o s t i d e n t i c a l . 
H o w e v e r , t h e ' b a s a l c l a y was s o f t e r and p e n e t r a b l e to 
b e d r o c k , i t s t h i c k n e s s not b e i n g i n e x c e s s of 1 m e t r e . 
The s u c c e s s i o n of T/ood p e a t - C a r e x p e a t - Sphagnum p e a t 
i s f o u n d , though i n d e c r e a s e d t h i c k n e s s e s . The s u r f a c e 
v e g e t a t i o n a g a i n i s m a i n l y composed of Sphagnum s p p . w i t h 
s u b s i d i a r y C a r e x . S r i o p h o r u m and C a l l u n a . The m a j o r 
f e a t u r e of t h i s t r a n s e c t i s , h o w e v e r , a marked i n c r e a s e 
i n the number and e x t e n t of s i l t y bands i n t e r c a l a t e d w i t h 
the d e p o s i t t h a n i n t r a n s e c t o n e , or t h a n no ted by 
E r d t m a n ( 1 9 2 7 ) . T h e y a r e not c o n f i n e d t o the C a r e x p e a t 
a s i n the f i r s t t r a n s e c t ; f i r s t o c c u r r i n g n e a r the b a s e 
of the wood p e a t , and t h e r e a f t e r a t i n t e r v a l s throughout 
the s u c c e e d i n g d e p o s i t s . T h e i r f o r m , e x t e n t and 
t h i c k n e s s i s v a r i a b l e ; some r a d i a t i n g from the west of 
the c h a n n e l , some from the e a s t , some c o n t i n u o u s a c r o s s 
the b a s i n , o t h e r s wedging out a f t e r s e v e r a l m e t r e s l a t e r a l 
e x t e n t , a l l v a r y i n g i n v e r t i c a l t h i c k n e s s , from 5 to 35 cm. 
T h e y do not o c c u r i n the Sphagnum p e a t , and the phenomena 
of the uppermost one b e i n g the b e s t d e v e l o p e d , and f o r m i n g 
the b o u n d a r y be tween C a r e x and Sphagnxim p e a t i s r e p e a t e d . 
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The maximum d e p t h of d e p o s i t s e n c o u n t e r e d on t h i s 
t r a n s e c t was 4 . 9 m e t r e s (16 f e e t ) . 
F o 11 en and K a c r o f o s s i 1 Ana 1 ys i s and Ch rono Iqcry 
Sa;-nples f o r p o l l e n and m s . c r o f o s s i l a n a l y s i s were 
c o l l e c t e d i n 1967 w i t h the S o i l o u r v e y of S c o t l a n d 
s r n p l e r , and t h r e e p r o f i l e s v/ere s e c u r e d . The f i r s t 
was f r o n the d e e p e s t p a r t of the f i r s t t r a n s e c t i n 
o r d e r to p r o v i d e a c o n p l e t e a s p o s s i b l e s t r a t i g r a p h i c a l 
and p a l y n o l o g i c a l r e c o r d f o r the s i t e and i t s e n v i r o n s . 
The s e c o n d was t a k e n on the s e c o n d t r a n s e c t a t a p o i n t 
where the i n t e r c a l a t e d s i l t s showed t h e i r f u l l e s t 
d e v e l o p m e n t , to a t t e m p t an e x p l a n a t i o n of t h e i r form 
and o r i g i n . A f i n a l s h o r t , b a s a l s a m p l e , was ta.'ien f rom 
the d e e p e s t p o i n t on the s e c o n d t r a n s e c t to p r o v i d e a 
c o m p a r i s o n of t ime of the i n c e p t i o n of p e a t f o r m a t i o n 
b e t w e e n the two t r a n s e c t l i n e s . 
The s t r a t i ^ r a p h i c d e s c r i p t i o n s and m a c r o f o s s i l 
i d e n t i f i c a t i o n s a p p r o p r i a t e to the 3 P o l l e n Diagrams 
( F i g u r e s 19 , 2 0 , 21) a r e as f o l l o w s : -
Ewe C r a g S l a c l : (A) ( P S ( A ) . F i g u r e 18) 
0 - C 6 cm. L i ^ h t brown Sphagnum p e a t , w i t h Sphagnum 
ctispidatiam, 3 . p lumulosum, S . r e c u r v u m , S . p a l u s t r e , 
S . p a p i l l o s u m , S . a c u t i f o l i u m , 3 . rube Hum and 
S . t e n e l l u m . O c c a s i o n a l C a r e x , Eriopho:rum and C a l l una 
r e m a i n s , s e e d s of J u n c u s c o n g l o m e r a t u s , s tems of L l o H j i i a , 
s p o r a n g i a of P t e r i d i v i m and c h a r c o a l f r a g m e n t s . 
8 6 - 3 3 4 cm. J ' i d - b r o w n q u i t e w e l l ' h u m i f i e d C a r e x p e a t . 
Sphagnum q u i t e f r e q u e n t to 165 c m . , e s p e c i a l l y S . 
c u s p i d a t u m , S . r e c u r v u m , S . s u b - s e c u n d u m , S . p a p i l l o s u m , 
S . t e n e l l u ^ and 5 . a c u t i f o l i a a g g . L e a f of D r e p a n o c l a d u s 
f l u i t a n s a t 105 cm. p a 1 l u j i a a b u n d a n t , w i t h c h a r c o a l 
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b e t w e e n 1 2 0 - 1 5 0 cm. T w i g s o f ^ e t u l a and A l n u s a t 
315 and 330 c m . , and a f r u i t o f B e t u l a p u b e s c e n a . 
a t 315 cm. J u n c u s and E r i o p h o r u m v a g i n a t u m p r e s e n t 
i n s m a l l a m o u n t s , to<yether w i t h M o l i n i a . 
334 -474 cm. L i g h t brown, amorphous , d r y v/ood p e a t 
w i t h B e t u l a t w i g s 3 3 4 - 4 0 0 c m . , 440 -474 e n . , B e t u l a 
c h a r c o a l and s i l t a t 388 cm. P i n u s and o a l i x 
f r a g m e n t s a t 4 7 0 cm. M a t r i x o f C a r e x s p p . and 
Sphagnum, p r i n c i p a l l y S . c u s p i d a t u m . S . plumulosum 
and S . p a l u s t r e . Seeds o f J u n c u s s q u a r r o s u s and f e r n 
s p o r a n g i a a b u n d a n t l y d i s t r i b u t e d t h r o u g h o u t . 
4 7 4 - 5 2 5 cm. B l u e c l a y w i t h a n g u l a r s t o n e s . An 
a d m i x t u r e o f C a r e x s p p . i n the u p p e r 2 0 c m . , becoming 
t e n a c i o u s and p u r e a t 5 m e t r e s . 
525 cm. + No p e n e t r a t i o n o f s a m p l e r . 
Ewe C r a g S l a c k (B) ( P S (B) F i g u r e 18) 
0 - 4 0 cm. L i t t l e h u m i f i e d , l i g h t brown Sphagnum p e a t , 
w i t h S . r e c u r v u m , S . p a p i l l o s u m , S . rube H u m , S . tenell^Ttim, 
S , a c u t i f o l i a aj^g. I n f r e q u e n t r e m a i n s of C a r e x . V . o l i n i a 
and J u n c u s . 
4 0 - 6 0 cm. L i g h t g r e y s i l t w i t h s e e d s of J u n c u s e f f u s u s 
and J . c o n g l o m e r a t u s , C a r e x stems and C a l l u n a t w i g s . 
6 0 - 6 2 cm. D a r k brown s i l t y p e a t , w i t h C a r e x s p p . 
62-69 cm. L i g h t g r e y s i l t w i t h C a r e x s p p . , and seeds of 
J u n c u s e f f u s u s and J . c o n g l o m e r a t u s . 
69-121 cm. Mid-brown q u i t e w e l l h u m i f i e d C a r e x p e a t w i t h 
M o l i n i a and C a l l u n a f r a g m e n t s t h r o u g h o u t . E r i o p h o r u m 
vaginatxim_ s p i n d l e s a t 88 cm. Seeds of J u n c u s e f f u s u s a t 
70 and 112 cm. E r o d e d l e a f of Sphagnum c u s p i d a t u m a t 
72 cm. C h a r c o a l a t 72 cm. 
121-135 cm. L i g h t g r e y s i l t w i t h C a r e x s t e m s . L e a v e s 
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of Sphagnum papi11osum a t 130 c m . , s eeds o f J u n c u s 
c o n g l o m e r a t u s a t 126 ahd 130 cm, 
135 -212 cm. . M i d - b r o w n q u i t e w e l l h u m i f i e d C a r e x 
p e a t w i t h E r i o p h o r u m v a g i n a t u m . J u n c u s and C a l l u n a 
r e m a i n s . B e t u l a t w i g s a t l66 and 206 c m . , B e t u l a 
c h a r c o a l a t 221 cm. 
2 1 2 - 2 3 2 cm. Brown s i l t y p e a t w i t h C a r e x s p p . and 
e r o d e d l e a v e s of Sphagnum c u s p i d a t t u n . 
2 3 2 - 2 4 4 cm. Li^-^ht brown, amorphous , d r y wood p e a t 
w i t h f r e q u e n t B e t u l a f r a g m e n t s and c h a r c o a l a t 240 cm. 
C a r e x s p p . and J u n c u s s tems a b u n d a n t . 
2 4 4 - 2 6 4 cm. L i g h t g r e y s i l t w i t h C a r e x s p p . and t w i g s 
of B e t u l a . 
2 6 4 - 3 1 0 cm. L i g h t brov/n, amorphous , d r y wood p e a t w i t h 
B e t u l a and A l n u s t w i g s . S e e d s of C a r e x s p p . J u n c u s 
e f f u s u s and J . s o u a r r o s u s . L e a v e s of Sphagnum s u b -
secundum a t 302 cm. 
3 1 0 - 3 1 3 cm. L i g h t g r e y s i l t w i t h wood and c h a r c o a l . 
L e a f of Sphagnum s q u a r r o s u m a t 310 cm. 
3 1 3 - 3 2 2 cm. L i g h t brown amorphous d r y wood p e a t w i t h 
B e t u l a and A l n u s r e m a i n s , C a r e x s p p . and J u n c u s r e m a i n s 
a b u n d a n t . L e a v e s of Sphagnum c u s p i d a t u m , S . s q u a r r o s u m , 
S . p a l u s t r e a t 315 cm, and S . a c u t i f o l i a a g g . a t ZIH cm. 
3 2 2 - 3 3 7 cm. S o f t b l u e c l a y w i t h some a n g u l a r s t o n e s . 
337 cm. B e d r o c k , 
Ewe C r a g S l a c k (C) ( P S (C) J i g u r e 18) 
4 0 0 - 4 1 6 cm. L i g h t brown, amorphous , d r y wood p e a t w i t h 
B e t u l a t w i g s , C a r e x s p p . and J u n c u s e f f u s u s s e e d s . 
4 1 6 - 4 3 0 cm. L i g h t g r e y s i l t w i t h C a r e x s p p . and J u n c u s 
s t e m s . 
4 3 0 - 4 4 8 cm. L i g h t brown amorphous , d r y wood peat w i t h 
f r a g m e n t s of B e t u l a , A l n u s and P i n u s . Stems and l e a v e s 
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o f P o l y t r i c h u m co-^ ^mune 4 3 2 - 4 4 6 cm. 
4 4 8 - 4 9 6 cm. B l u e c l a y w i t h wood r e m a i n s to 46C c m . , 
g r a d i n g to more t e n a c i o u s m a t e r i a l w i t h a n g u l a r s t o n e s . 
496 cm. B e d r o c k . 
The p o l l e n d i a g r a m f o r Swe C r a g S l a c k ( A ) , 
( F i g u r e 19) , i s bc.sed on a t o t a l t r e e p o l l e n sum and 
i n d i c a t e s the f o l l o v / i n g z o n a t i o n : -
Zone I I I ( 5 2 5 - 4 7 5 cm.) 
H e r b a c e o u s dominance , but up to 40% a r b o r e a l 
p o l l e n a t some l e v e l s . B e t u l a and P i n u s the o n l y 
t r e e s p r e s e n t . B e t u l a n a n a . J u n i p e r u s . S a l i x and 
H i p p o p h a e the m a i n s h r u b s . G r a n i n e a e , C y p e r a c e a e . 
E m p e t r u m . A r t e m i s i a . L i g u l i f l o r a e . R o s a c e a e and 
F i l i p e n d u l a f r e q u e n c i e s h i g h . 
Zone I V ( 4 7 5 - 4 4 8 cm.) 
C h a r a c t e r i z e d by a s h a r p r i s e i n a r b o r e a l p o l l e n 
p r i n c i p a l l y t r e e b i r c h e s , and a d e c l i n e of non a r b o r e a l 
p o l l e n B e t u l a nana and J u n i p e r u s d i s a p p e a r , but i n m i d -
zone i n c r e a s e s i n f r e q u e n c y o f Empetrum, ^ o s a c e a e , 
F i l i c a l e s and Sphagniim o c c u r . Que r e u s , C o r y l u s and 
C a l l u n a f i r s t a p p e a r . 
Zone V ( 4 4 8 - 4 3 8 cm. ) 
B e t u l a dominant e a r l y i n the z o n e , l a t e r P i n u s 
becomes s o , Q u e r c u s p r e s e n t and Ulmus i m m i g r a t e s , 
C o r y l u s e x p a n d s s h a r p l y ; S a l i x s t i l l i m p o r t a n t but 
non a r b o r e a l p o l l e n now l e s s t h a n 20^o of t o t a l p o l l e n . 
Zone V I ( 4 3 8 - 3 4 0 cm. ) 
C a n be s u b - d i v i d e d i n t o : -
7 
u 
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V i a ( 4 3 8 - 4 0 2 cm.) 
P i n u s - C o r y l u s d o m i n a n c e . Ulmus e x c e e d s Q u e r e u s 
i n v a l u e . l l n u s i m m i g r a t e s , Fe lampyrum p r e s e n t , and 
S a l i x , G r a m i n e a e , C y p e r a c e a e and Mumex a c e t o s a f r e q u e n c i e s 
i n c r e a s e n e a r i t s c o n c l u s i o n . 
V i b ( 4 0 2 - 3 6 8 cm. ) 
P i n u s d o m i n a t e s , C o r y l u s f a l l s and 3 e t u l a r e c o v e r s 
s l i g h t l y . Q u e r c u s e x c e e d s Ulmus i n v a l u e . A l n u s 
expands s l o w l y and T i H a a p p e a r s . 
V i c ( 3 6 8 - 3 4 0 cm. ) 
P i n u s - C o r y l u s l o s e d o m i n a n c e , Q u e r c u s , A l n u s . 
T i 1 i a and Ulmus i n c r e a s e i n f r e q u e n c y . T r e e s and s h r u b s 
a c c o u n t f o r 85% of t o t a l p o l l e n . 
Zone V i l a ( 3 4 0 - 1 5 2 cm.) 
Lower boundary c h a r a c t e r i z e d by a r a p i d e x p a n s i o n 
of / i l n u s and a f u r t h e r d e c l i n e of P i n u s , Que r e u s , U l m u s , 
T i l i a and B e t u l a , dominate the a r b o r e a l p o l l e n sum and 
F r a x i n u s i m m i g r a t e s . C o r y l u s l e s s i m p o r t a n t than i n 
Zone V I . S o r b u s and H e d e r a r e c o r d e d . 
Z o n e s V l l b and V T I I ( 1 5 2 - 0 cm.) 
A d i v i s i o n i n t o s e p a r a t e Zones V l l b and V I I I i s 
n o t made, but w i t h i n the c o m p l e x , 3 s u b - z o n e s c a n be 
c h a r a c t e r i z e d : -
Sub-Zone A ( 1 5 2 - 1 1 0 cm, ) 
A c l e a r Ulmus d e c l i n e m a r k s the o p e n i n g of t h i s 
s u b - z o n e , f o l l o w e d by a r e c o v e r y . C o r y l u s e x p a n d s . 
Some o t h e r t r e e s , e s p e c i a l l y T i l i a show s m a l l d e c l i n e s 
b u t r e c o v e r , F a g u s i m m i g r a t e s and F r a x i n u s expands 
s l i g h t l y . H e r b s e x p a n d , C e r e a l i a a p p e a r and i n c r e a s e 
i n f r e q u e n c y t o g e t h e r w i t h P l a n t a g o l a n c e o l a t a . R o s a c e a e , 
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Rumex a c e t o s a . P t e r i d i u m and C a l l u n a . 
S u b - Z o n e B ( 1 1 0 - 6 1 cm. ) 
A s e c o n d a r y Ulmus d e c l i n e o c c u r s a t the lov/er 
b o u n d a r y a c c o m p a n i e d by a f a l l o f T i l i a and a n 
e x p a n s i o n o f F r a x i n u s and C o r y l u s . Q u e r e u s . B e t u l a and 
A l n u s a l s o d e c l i n e and non a r b o r e a l p o l l e n a c c o u n t s f o r 
up to 70% of t o t a l p o l l e n . S o r b u s r e c o r d e d . 
G r a m i n e a e , C e r e a l i a . C o m p o s i t a e s p p . , P l a n t a g o 
l a n c e o l a t a . R o s a c e a e , Rvimex a c e t o s a and P t e r i d i u m 
i n c r e a s e i n f r e q u e n c y . 
Sub Zone C ( 6 1 - 0 cm.) 
T i l i a becomes e x t i n c t n e a r the lower b o u n d a r y 
r e a p p e a r i n g s p o r a d i c a l l y t h e r e a f t e r . U l m u s , Q u e r e u s , 
B e t u l a and A l n u s show s u b s t a n t i a l r e d u c t i o n s . C o r y l u s 
d e c l i n e s , F r a x i n u s and F a g u s e x p a n d . H e d e r a , I l e x and 
S o r b u s r e c o r d e d . 
M a j o r i n c r e a s e s i n h e r b f r e q u e n c i e s o c c u r , 
e s p e c i a l l y of G r a m i n e a e . C e r e a l i a . C a l l u n a , 2 r i c a l e s , 
T u b u l i f l o r a e . A r t e m i s i a , C e n t a u r e a , L i g u l i f l o r a e , 
C h e n o p o d i a c e a e , C r u c i f e r a e . F i l i p e n d u l a . P l a n t a g o s p p . , 
R a n u n c u l a c e a e . R o s a c e a e . Rumex a c e t o s a , U i n b e l l i f e r a e and 
U r t i c a . S p e r g u l a r i a . S u c c i s a and P o l y g a l a v u l g a r i s 
r e c o r d e d ; P t e r i d i v m i . F i l i c a l e s and Sphagnum f r e q u e n c i e s 
r e a c h t h e i r meixima, Non a r b o r e a l p o l l e n a c c o u n t s f o r 
o v e r 90% of t o t a l p o l l e n a t the h i g h e s t l e v e l s . 
The p o l l e n d i a g r a m f o r Ewe C r a g S l a c k (B) 
( F i g u r e 20) , a l s o b a s e d on a t o t a l t r e e p o l l e n sum, 
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Zone V i l a ( 3 2 2 - 2 6 5 cm.) 
S u e r c u s . A l n u s . U l m u s , ~e t u l a . T i l i a and 
F r a x i n u s dominate the a r b o r e a l p o l l e n sum. C o r y l u s 
i m p o r t a n t and S a l i x , H e d e r a , I l e x :.nd o o r b u s p r e s e n t . 
Hierbs i m p o r t a n t n e a r the upper zone b o u n d a r y , where 
G r a m i n e a e . F i l i p e n d u l a . P o t e n t i 1 1 a . R o s a c e a e . 
A r t e m i s i a . Me 1smpyrum, P l a n t a g o l a n c e o l a t a . Rvmex 
a c e t o s a and S u c c i s a i n c r e a s e i n f r e q u e n c y t o g e t h e r w i t h 
P t e r i d i u " ) . 
Z o n e s V l l b and V I I I (265-0 . cm.) 
T h r e e " m a j o r s u b - z o n e s c a n be d e l i m i t e d : -
S u b - Z o n e A ( 2 6 5 - 1 6 2 cm. ) 
D e c l i n e s of Ulmtis_, T i l i g and T r a x i n u s , f o l l o w e d 
b y r e c o v e r i e s . F a g u s i n m i g r a t e s and C o r y l u s f l u c t u a t e s 
i n f r e q u e n c y . S a H _ x , H e d e r a and S o r b u s p r e s e n t . Herb 
v a l u e s r i s e . C e r e a l i j . r e c o r d e d and G r a m i n e a e , C a l l u n a , 
A r t e m i s i a , F i l i p e n d u l a , P l a n t a g o l a n c e o l a t a , P o t e n t i 1 l a , 
R a n u n c u l a c e a e , R o s a c e a e , S u c c i s a and j f a i b e l l i f e r a e i n c r e a s e 
i n f r e q u e n c y . Non a r b o r e a l p o l l e n o v e r 60r<i of t o t a l 
po11e n . 
Sub-Zone B ( 162-42 cm.) 
TJlmus, T i l i a and T r a x i n u s f a l l a g a i n , a l s o most 
o t h e r t r e e s . F a g u s expands and C o r y l u s has h i g h 
f r e q u e n c i e s . H e r b s i n c r e a s e i n v a l u e m a r k e d l y , 
e s p e c i a l l y G r a m i n e a e , C a l l u n a , A r t e m i s i a , C r u c i f e r a e , 
L i g u l i f l o r a e , P l g n t a g o l a n c e o l a t a , F i l i p e n d u l a , P o t e n t i 1 1 a , 
R a n u n c u l a c e a e , R o s a c e a e , Rumex a c e t o s a and '" iucc i sa . 
C e n t a u r e a c y a n u s , C i r s i v i m . . V a l e r i a n a and Vi_c_i^ r e c o r d e d . 
P t e r i d i u m expands a l s o Sphagnum. Potamogeton and 
L y c o p o d i u m s e l a g o r e c o r d e d . Non a r b o r e a l p o l l e n o v e r 
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90V>/ o f t o t a l p o l l e n by the upper boundary of the 
S u b - Z o n e . 
S u b - Z o n e C ( 4 2 - 0 cm.) 
T i l i a f i n a l l y d e c l i n e s and a r b o r e a l p o l l e n f a l l s 
to be tween 5 and lOtl of t o t a l p o l l e n . £ o i i l ] ! i s v a l u e s 
d e c l i n e s h a r p l y , Tagus and F r a x i n u s i n c r e a s e s l i g h t l y . 
M a s s i v e e x t e n s i o n s of h e r b p e r c e n t a g e s , e s p e c i a l l y 
G r a m i n e a e . C e r e a l i a , Cg.l l u n a . S r i c a l e s , T u b u l i f l o r a e . 
A r t e m i s i a , C h e n o p o d i a c e a e , C r u c i f e r a e , F i l i p e n d u l a . 
P l a n t a g p l a n c e o l a t a . , 7 ' lantago m a j o r / m e d i a . F o t e n t i 1 l a , 
l ^ a n u n c u l a c e a e , R o s a c e a e , Rumex a c e t o s a an'' U^be 11 i f e r a e . 
S p e r g u l a r i a and Urt_i_ca r e c o r d e d . P t e r i d i u n i and 
Sphagnum have h i g h v a l u e s . 
The p o l l e n d i a g r a m f o r Ewe C r a g S l a c k (C) ( F i g u r e 
2 l ) ( b a s e d upon a t o t a l t r e e p o l l e n sum) shows t h a t the 
f o l l o v / i n g z o n e s a r e p r e s e n t : -
Zone V ( 4 5 5 - 4 5 1 cm.) 
B e t u l a h i g h but d e c l i n i n g , P i n u s i n c r e a s i n g . 
U l m u s , Q u e r c u s and l l n u s p r e s e n t . C o r y l u s h a s h i g h 
f r e q u e n c i e s . Non a r b o r e a l p o l l e n f a l l s n e a r the upper 
zone b o u n d a r y . 
Zone VJ ( 4 5 1 - 4 0 4 cm.) 
Cnn be s u b - d i v i d e d : -
V i a ( 4 5 1 - 4 3 6 cm. ) 
P i n u s - C o r y l u s d o n i n a n c e . B e t u l a , JHrrius and 
H u e r e u s p r e s e n t i n s i g n i f i c a n t amounts . 
V I b ( 4 3 6 - 4 1 7 cm. ) 
S t i l l P i p u s - C o r y l u s dominance but B e t u l a . 
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S a l i x , G r a m i n e a e , A r t e m i s i a . • ' e lr - 'pyrur^. l o s a c e a e , 
i l a n u n c u l g . c e a e , S u c c i s a , Rumex a c e t o s a and P j t e r i ^ i u n expend 
i n mid sub - zone . 
V i c ( 4 1 7 - 4 0 4 cm.) 
P i n u s - C o r y l u s l o s e s d o m i n a n c e . T i l i a i - r m i g r a t e s 
and Q u e r c u s , Ulmus and ? e t u l a become most i m p o r t a n t . 
Non a r b o r e a l p o l l e n v a l u e s f a l l . 
Zone V i l a ( 4 0 4 - 4 0 0 cm.) 
P i n u s , C o r y l u s and B e t u l a d e c l i n e . / . I n u s expands 
and Q u e r c u s , Ulmus and T i l i a i n c r e a s e i n f r e q u e n c y . 
A r b o r e a l p o l l e n v a l u e s e x c e e d 70? of t o t a l p o l l e n . 
T h e P e v e l o p m e n t of the M i r e S y s t e m 
Swe C r a g S l a c k c e a s e d to o p e r a t e a s a g l a c i a l 
d r a i n a g e c h a n n e l a s the s u r r o u n d i n g m o o r l a n d emerged 
f r o m b e n e a t h the TiTeichsel i a n i c e . From t h i s t ime 
onward i t h a s c a r r i e d no t h r o u g h d r a i n a g e , and a m i r e 
s e q u e n c e h a s b e e n a b l e to a c c u m u l a t e , e s p e c i a l l y i n the 
f l a t h o l l o w r e g i o n where the N o r t h C l e v e l a n d v / a t e r s h e d 
i s b r e a c h e d by i t s c o u r s e . The b a s a l d e p o s i t , a s tony 
g r e y clpy o f c o n s i d e r a b l e t h i c k n e s s h a s a L r t e - g l a c i a l 
p o l l e n f l o r a . T h e r e i s no s t r a t i f i c a t i o n w i t h i n i t , 
and l i t t l e o r g a n i c m a t t e r . I t may be r e f e r a b l e to the 
l a s t c o l d p h a s e of the L a t e - g l a c i a l (Zone I I I ) and 
c o n t a i n e r o d e d and r e d e p o s i t e d e a i ' l i e r s t r a t a . The 
c h a n n e l a t t h i s t ime must have been a p o o r l y --"rained 
swamp w i t h some a r e a s of open w a t e r . S e d g e s , g r a s s e s 
and p t e r i d p p h y t e s a r e the -'ominant m a c r o - f o s s i l s . 
T o g e t h e r v / i t h p o l l e n of F o t a m o g e t o n , ^^quisetum, V i 1 i p e n d u l a , 
T h a l i c t r u m and S a l i x t h e y s u c g e s t a f a i r l y s p a r s e f l o r a . 
S o l i f l u c t i o n g r a d u a l l y c e a s e d however, and the P o s t - g l a c i a l 
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p e r i o d opensd v/ith the g r a d u a l e x p a n s i o n of b i r c h f o r e s t s 
on the s u r r o u n d i n g s l o p e s , and the development of a f e n 
c a r r , dominated a t f i r s t by B e t u l a s.nd ag.lix i n the 
channel.- F a c r o f o s s i l s of C a r e x . J u n c u s . T h e l y p t e r i s , 
and i n t e r m e d i a t e f e n specd?.es b r y o p h y t e s ( e . g . Sphagnum 
plumulosum. DrepanocIr-dus f l u i t a n s ) , i n d i c a t e the damp 
n a t u r e of the community, which was m a i n t a i n e d throughout 
B o r e a l time, A s i g n i f i c a n t change i n the h y d r o s e r e d i d 
not come u n t i l around the time of the R o r e a l / A t l a n t i c 
T r a n s i t i o n , when f i r s t , a l a y e r of f i n e g r e y c o l l u v i a l 
s i l t was d e p o s i t e d i n t o the b a s i n from the s u r r o u n d i n g 
s l o p e s , and s e c o n d l y the c o m p o s i t i o n of the mire changed. 
A r a p i d r i s e i n A l n u s p o l l e n , i n d i c a t i n g on the P o l l e n 
Diagrams, the advent of Zone V i l a and the c l i m a t i c 
optimum, was accompanied by the c o l o n i z a t i o n of some 
p a r t s of the f e n c a r r by a l d e r . T h i s was o n l y a 
temporary f e a t u r e , because due to i n c r e a s e d p r e c i p i t a t i o n , 
w a t e r t a b l e s r o s e e a r l y i n the A t l a n t i c p e r i o d , and r a p i d , 
w i d e s p r e a d growth of sedge dominated sweimp, began to 
choke t r e e growth i n the m i r e . F o l l e n of Fotamooeton 
and C a l l i t r i c h e a t t h i s time, i n d i c a t e t h a t p o o l s of open 
wa t e r must have e x i s t e d on the bog s u r f a c e , and the 
i n c r e a s i n g i n c i d e n c e of a c i d bog forming b r y o p h y t e s such 
as Sphagnum. i l l u s t r a t e the t r e n d towards a c i d i f i c a t i o n 
of the m i r e . The most imp o r t a n t f e a t u r e of the l a t e r 
s t a g e s of t h i s sedge swamp, i s the i n t e r c a l a t i o n w i t h 
i t , of numerous bands of g r e y , c o l l u v i a l s i l t , 
c o n t a i n i n g sedges, g r a s s e s , J u n c u s . c h a r r e d C a l l u n a 
and o t h e r woody f r a g m e n t s . Anthropogenic a c t i v i t y on 
a major s c a l e i s i n d i c a t e d f o r t h i s time by the p o l l e n 
d i a g r a m s , and t h e s e s i l t bands must r e p r e s e n t a response 
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to f o r e s t c l e a r a n c e and c u l t i v a t i o n on the a d j a c e n t 
moorland. The f i n a l , and b e s t developed l a y e r of s i l t , 
i s o v e r l a i n by a v e r y pure a c i d Sphagnxun p e a t , which 
began a c c u m u l a t i n g at about the co-nmencement of Sub-
Zone C. T h i s was no doubt a r e s p o n s e to some c l i m a t i c 
d e t e r i o r a t i o n about t h i s time. P r i o r to t h i s , the 
m i r e s u r f a c e must have been somewhat d r i e r , w i t h C a l l u n a 
and K ' o l i n i a m a c r o f o s s i l s p r e s e n t i n q u a n t i t y . The 
Sphagnum peat has c o n t i n u e d to form i n f a v o u r e d l o c a l i t i e s , 
w i t h a minimum of d i s t u r b a n c e by peat c u t t i n g . The 
p r e s e n c e of C a l l u n a , ? ' o l i n i a , C a r e x spp. and c h a r c o a l , 
as w e l l a s a m a j o r i t y of pool and hu-^mock forming Sphagna. 
and an a b s e n ce of t r e e r e m a i n s , shows t h a t a c i d mire 
development has c o n t i n u e d from t h i s time, when the 
f r i n g i n g s l o p e s were c l o t h e d by P t e r i d i u m and C a l l u n a , 
and human a c t i v i t y was r e a c h i n g i t s c l i m a x i n terms of 
f o r e s t c l e a r a n c e and a g r i c u l t u r e . T h i s i s no e v i d e n c e 
to suggest t h a t a r a i s e d bog community i s d e v e l o p i n g s i n c e 
the s u r f a c e of the m i r e , even a l l o w i n g f o r peat cut-'tings, 
i s n e a r l y f l a t and even s l i g h t l y concave i n p l a c e s . 
V e g e t a t i o n a l h i s t o r y around Ewe Crag S l a c k 
The l a s t phases of L a t e - g l a c i a l time on the uplands 
around Ewe C r a g S l a c k were ones where, once a g a i n , shrubs 
and h e r b s dominated a r a t h e r p o o r l y developed and open 
p l a n t community. Be t u l a nana. S a l i x , J u n i p e r u s and 
Hippophae formed the m a j o r i t y of the shrub component, 
and Empetrum, Artem.isia, Gramineae, Cyperaceae and 
R osaceae the h e r b a c e o u s communities. The o n l y t r e e s 
p r e s e n t were B e t u 1 a and P i n u s , the former b e i n g q u i t e 
w e l l e s t a b l i s h e d i n some f a v o u r e d l o c a l i t i e s , the l a t t e r * s 
r e p r e s e n t a t i o n more l i k e l y the r e s u l t of long d i s t a n c e 
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p o l l e n t r a n s p o r t . The p r e s e n c e of a f a i r amount of 
Be t u l a was p r o b a b l y the r e a s o n f o r the f a i r l y r a p i d 
but l o c a l e s t a b l i s h m e n t of b i r c h f o r e s t s i n the e a r l y 
P o s t - g l a c i a l p e r i o d . Throughout Zones I V anv V the 
development of c l o s e d woodland c o n t i n u e d , but t h e r e was 
s t i l l a c o n s i d e r a b l e e x t e n t of open v e g e t a t i o n w i t h 
Empe t nmn .."losaceae and F i l i _ c a 1 e s important i n i t . 
C o r y l u s and Ulmus immigrated and managed to f i n d 
s u i t a b l e s i t e s f o r e x p a n s i o n l a t e r i n t h i s p i o n e e r p e r i o d , 
when open h a b i t a t s were reduced to a minimiim. L a t e r 
B o r e a l time (Zone V I ) saw a marked and q u i t e sudden change 
i n f o r e s t c o m p o s i t i o n with F i n u s and C o r y l u s t a k i n g over 
a s dominants from S e t u l a . At the same time, ^-..uercus, 
Ulmus, and a l i t t l e l a t e r on, A l n u s and T j 1 i a . were 
p r e s e n t i n the f o r e s t s but c o u l d not expand, w i t h Pinu's 
a c c o u n t i n g f o r over TS'/l of the t r e e s . E a r l y i n Zone V I , 
a l a y e r of s i l t was d e p o s i t e d i n the m i r e , and some 
s l i g h t , temporary opening of the f o r e s t s nearby i s 
s u g g e s t e d by a f a l l i n t r e e s and a r i s e i n C o r y l u s and 
c e r t a i n h e r b s such a s Melampyrum, Rosaceae, Rumex 
a c e t o s a , o u c c i s a , Artemi s i a and . i l r i c a l e s . 
I t was not u n t i l l a t e B o r e a l time t h a t P i n u s and 
C o r y l u s began to l o s e dominance and were r e p l a c e d by 
Q u e r c u s , A l n u s , B e t u l a , Ulmus and TiJ.i_a, which l a t e r 
j o i n e d by T r a x i n u s , d e v s l o p e d i n A t l a n t i c time to a 
c l o s e d d e c i d u o u s f o r e s t c o v e r i n g 8 5 k of the landsc?,pe. 
L a t e r i n Zone V i l a more s i l t was d e p o s i t e d i n t o the m i r e , 
w i t h the p o l l e n r e c o r d s u g g e s t i n g a. s l i g h t temporary 
c l e a r a n c e of t r e e s and the s p r e a d of p a t c h e s of c l e a r i n g s 
dominated by Gram.ineae, F i l i p e n d u l a ?.nd .^'ela^npyrum. 
T h i s a c t i v i t y c o n t i n u e d s p o r a d i c a l l y u n t i l a d i s t i n c t f a l l 
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i n Ulmus v a l u e s , accompanied by a n o t h e r s i l t l a y e r e.nd 
a r i s e i n a wide v a r i e t y of h e r b s s i g n i f i e d the opening 
of Zones V I l b and V I I I which c a n be d i v i d e d i n t o "ub-
Zones A, B and C, I n Sub-Zone A a more a c c e n t u a t e d 
form of the minor Zone VI anc' V i l a c l e a r i n g s took p l a c e . 
Now Ulmus. T i l i a and '.'uercus were a t t a c k e d by man; the 
d e s t r u c t i o n , e r o s i o n , d e p o s i t i o n , c l e a r a n c e and 
r e g e n e r a t i o n c y c l e r e p r e s e n t e d by s i l t bands w i t h 
c h a r c o a l i n the mi r e ; P l a n t a g o I p n c e o l a t a , Meleiropyrum, 
Gramineae, Hgnunculaceae, Rosaceae and P t e r i d i u m b e i n g 
p r e s e n t s u g g e s t i n g a p a s t o r a l a c t i v i t y t a k i n g p l a c e , 
and some r e g e n e r a t i o n , f i r s t by C o r y l u s and ^ . r a x j j i r i s , 
l a t e r , but not v e r y s u c c e s s f u l l y , by o t h e r t r e e s . 
L a t e i n A, Fagus and C e r e a l i a a r e found. The g r a i n s of 
T r i t i c i i j n d i c o c c u i r and Hordeum T. accompanied by .-'.rtemi s i a . 
C e n t a u r e a c y a n u s , C r u c i f e r a e and Chenopodiaceae 
i n d i c . a t i n g t h a t c u l t i v a t i o n was i n p r o g r e s s , though 
l j ) k e l y on a q u i t e s m a l l s c a l e and v e r y l o c a l i z e d . 
-Sub-Zone B was v e r y l i k e A i n o v e r a l l c h a r a c t e r i s t i c s , 
but w i t h c e r t p i n important d i f f e r e n c e s . Sx major f e a t u r e 
of t h i s time was the c o n c e r t e d a t t a c k on a l l t r e e t y p e s , 
r a t h e r than more s e l e c t i v e f e l l i n g , a wider and more 
v a r i e d sphere of a c t i v i t y , both a r a b l e and p a s t o r a l i n 
the a r e a , and the f a i l u r e of t r e e s and shrubs to 
r e g e n e r a t e w i t h any g r e a t e f f e c t i v e n e s s i n the c l e a r i n g s 
p roduced. The e a r l i e s t phase of B v/as p r e d o m i n a n t l y 
p a s t o r a l , w i t h Gramineae, P l a n t a g o and Pteridijum 
expanding, to be f o l l o w e d by a dominantly c u l t i v a t i o n 
p e r i o d w i t h C e r e a l i a ( m a i n l y Eordeum T,) Rumex a c e t o s a , 
..".rtemi s i a , S u c c i sa and C r u c i f e r a e p r e s e n t , accompanied 
by more s i l t y inwash i n the m i r e , c o n t a i n i n g c h a r r e d wood 
from the c l e a r i n g s . T r e e c o v e r n e a t the end of 3 must 
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have been about lO- of the l a n d s c a p e ; the f a i l u r e of 
r e g e n e r a t i o n was l e a d i n g to the c o l o n i z a t i o n of 
c l e a r e d ?.reas by C a l l u n a , • J r i c a l e s and Gramineae. 
Sub-Zone C v/as a g a i n d i s t i n c t , but w i t h s i m i l a r 
a c t i v i t i e s . A r a b l e and p a s t o r a l farming was being 
c a r r i e d on s i m u l t a n e o u s l y , and c l e a r i n g was now 
e xtended to.what t r e e s remained, and to s h r u b s , 
p a r t i c u l a r l y C o r y l u s . C u l t i v a t i o n , w i t h c e r e a l s 
( s t i l l m a i n l y Kordeum T. but w i t h some Avena T . ) , 
A r t e m i s i a , C e n t a u r e a , C i r s i u m , i'lumex a c e t o s a . L i a u l i f l o r a e . 
S p e r g u l a r i a and C r u c i f e r a e dominated e a r l y i n C, l a t e r 
to be s u p e r ceded i n importance by p a s t o r a l a c t i v i t i e s . 
The d e p o s i t s a t Ewe Crag S l a c k may s t r e t c h i n t o e a r l y 
h i s t o r i c , and perhaps H'edieval t i m e s , when i t seems t h a t 
g r a z i n g a c t i v i t y was the main l a n d u s e . H i g h e r v a l u e s 
°^ P l a n t a g o l a n c e o . l a t a , Oramineae. P t e r i d i u m and 
F i 1 i c a l e s than of the C e r e a l i a - Artemi s i a - Iximex group 
i n the l a t e r p h a s e s i n d i c a t e s t h i s . No f u r t h e r 
h i l l w a s h o c c u r r e d i n Sub-Zone C, when C a l l u n a extended 
r a p i d l y i n t o c l e a r e d a r e a s , and must have h e l p e d 
s t a b i l i s e the s u r r o u n d i n g s l o p e s . The e a r l i e r 
c o r r e l a t i o n of t h i s phenomenOov/ith c l e a r a n c e and 
c u l t i v a t i o n s u g g e s t i n g t h a t n e i t h e r was now of major 
importance and t h a t the l a n d s c a p e had begun to look much 
l i k e i t does a t p r e s e n t , a p r e d o m i n a n t l y C a l l u n a 
h e a t h l a n d used f o r p a s t o r a l ism. 
3.5 S t r a t i g r a p h y and P o l l e n A n a l y s i s . a t TranmAre S l a c k 
T r a n m i r e S l a c k (MZ 766119) i s s i t u a t e d on Roxby 
H i g h Woor, about 13 k i l o m e t r e s (8 m i l e s ) west of '..'hitby, 
and was the most e a s t e r l y of the s i t e s i n v e s t i g a t e d . 
L i k e Ewe C r a g S l a c k , i t i s a d e p r e s s i o n t r e n c h e d i n 
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snlir] Toch c r o s s i n g t h e o r t h C l e v e l a n d w a t e r s h e d , 
e v e n t u a l l y f a l l i n g to lowl-nc' C l e v e l a n d on t h e n o r t h , 
?nri t'-e " s k V a l l e y to the s o u t h . { P i c t u r e 1) ( P l a t e 5 ) . 
A p e a t d e p o s i t o c c u r s i n t h e b r o a d , f l a t a r e a 
w h e r e t h e w a t e r s h e d h a s b e e n b r e a c h e d . 
T r a n m i r e S l a c k , " a c c o r d i n g to K e n d a l l ( 1 9 0 2 , 1903) 
v/as no - o r e t h a < " a ^eve p u t t e r " , o e v e i o n e d to c a r r y o f f 
v.Pter fror-^ t h e i c e m a r g i n o f t h e l a s t g l a c i a t i o n o f t h e 
a r e . " , when a p l a c i ? l l ^ k e e x i s t e d a r o u n d ''oorsholm to 
i t s w e s t . The --^ e ] t v / a t e r t'len e n t e r e d L a k e -"skdale v i a 
t h e S t o n e r a t e s y s t e t i of c h a n n e l s to the s o u t h o f I r a n m i r e 
^ i s s o n s ( 1 9 6 1 ) , d e s c r i b e d t h e l a n d f o r r s of the S t o n e g a t e 
V a l l e y , and t o o k them to i n d i c a t e t h e r e t h e f o r m e r 
p r e s e n c e o f a m a s s of s t a g n a n t i c e . G r e g o r y ( 1 9 6 2 ) 
s u g g e s t e d t h a t s t a g n a n t i c e r e m a i n e d l o n g e s t i n e a s t e r n 
O s k d a l e d u r i n g d e g l a c i a t i o n , a n d t h a t T r a n m i r e S l a c k 
p l a y e d a l a r g e p a r t i n t h e m e l t w a t e r d r a i n a g e o f t h e a r e a , 
The c h a n n e l ' s hniTp p r o f i l e and b r e a c h i n g o f o r e - g l a c i a l 
w a t e r s h e d mean t h a t i t mu^-t h a v e d e v e l o p e d e i t h e r w h o l l y 
o r n a r t l y a s a S'lb-g 1 a c i a 1 f e a t u r e . i h e s i d e s o f t h e 
c'-'annel h a v e t h r e e m a r k e d b e n c h e s i n d i c a t i n g the p r e s e n c e 
o f f o r m e r f l o o r s , and t h r e e s t a g e s of d e v e l o p m e n t , t h e 
two l a - t e r o n e s c o r r e s p o n d i n g w i t h i c e m a r g i n a l d r a i n a g e ; 
a t t h e h e a d o f t h e S t o n e g a t e '.''alley t h e r e a r e f e a t u r e s 
w h i c h c o r r o b o r a t e t h i s h y n o t ^ e s i s . The c h a n n e l must 
t ' - ^ e r e f o r e , h a v e b e e n d e v e l o p e d r a r t l y s u b - g l a c i a l l y , and 
T ^ a r t l y s u b - a e r i a 11 y, b e i n g i n i t i a t e d bv a s u b - g l a c i a l 
s t r e a m , and then e x p o s e d b e t w e e n i c e m a r g i n s t o i t s 
n o r t h and sovith a s d e g l a c i a t i o n p r o c e e d e d . G r e g o r y 
c o n d u c t e d a s e r i e s of a u g e r i n g s i n t h e d e p o s i t s o f t h e 
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c h a n n e l and f o u n d a maxinu--; d e p t h o f 3.3 n e t r e s ( 1 1 f e e t ) 
c o n s i s t i n g of p e a t u n d e r l a i . i by a s t i f f w h i t i s h - g r e y 
c l a y , v e r - t e n n , c i o u s and c o n t a i n i n g s m a l l b o u l d e r s , 
" v e r y s i m i l a r t o t h a t f o u n d a t Ewe C r a g S l a c I : u n d e r l y i n g 
t h e p e a t " . The p r e s e n t i n f i l l i s o b v i o u s l y a r e m n a n t of 
a l a r g e r d e p o s i t . 7 \ c t i v e p e a t c u t t i n g i s i n p r o g r e s s , 
w i t h o n l y a s n a i l a r e a r e t a i n i n g s o m e t h i n g n e a r to i t s 
o r i i ^ i n a l d i m e n s i o n s . A b o u t 2 5 0 m e t r e s i n a n o r t h - s o u t h 
d i r e c t i o n cent." i n some i n f i l l , a l l i n the b r o a d f l a t 
i n t e r f l u v e v / h i l e t h e c h a n n e l i s n o t more tb n 150 m e t r e s 
w i d e a t a n y p o i n t . The s l o p e s a.round th e m i r e a r e t h e 
s o u r c e f o r s e v e r a l s n a i l s t r e a m s ; t h e h e a d w a t e r s o f 
S a n d w a t h B e c k f l o w i n g n o r t h w a r d s , a n d t h o s e o f H a r d a l e 
B e c k s o u t h v / a r d s , a t t h e e d g e s o f t h e d e p o s i t s , w h i c h 
p a s s f r o m p e a t t o a t h i n l a y e r of c o l l u v i u ^ o v e r l y i n g a 
b a s a l s o l i f Ivic t i o n c l a y , i n a.ii u p s t r e a m and a. d o w n s t r e a m 
d i r e c t i o n . 
' e g e t a t i o n 
The c o n t e m p o r a r y f l o r a i s i n d i c a t i v e of c o n s i d e r a b l e 
human i n t e r f e r e n c e w i t h t h e bog and i t s r e g i m e . The 
s l o p e s o f t h e c h a n n e l , c u t i n G r i t s , a r e c o v e r e d m a i n l y 
w i t h w e l l d r a i n e d g r a s s l a n d w i t h ' ' o l i n i a c a e r u l e a , 
D e s c h a m p s i a f l e x u o s a a n d N a r d u s s t r i c t a , a s well a s 
c u l t i v a t e d g r a s s e s . O c c a s i o n a l b u s h e s of S a r o t h a m n u s 
s c o p a r i u s a n d U l e x e u r o p a e u s o c c u r , t o g e t h e r w i t h i n c r e a s i n g 
a m o u n t s o f F t e r i d i u m a q u i l i n u m . The b a n k s o f t h e f r i n g i n g 
s t r e a m s , whose c o u r s e s h a v e , i n some p a r t s , b e e n 
a r t i f i c i a l l y a l t e r e d , a r e dom.inated by S a l i x s p p . , 
A l n u s g l u t i n o s a , B e t u l a p u b e s c e n s . J u n c u s e f f u s u s , 
" o l i n i a c a e r u l e n and A l o p e c u r i s g e n i c u l a t u s . 
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The r e l a t i v e l y u n d i s t u r b e d a r e a o± the bog h a s a s 
i t s CO-ninant s , E r i o p h o r u r ! v a , i n a t u r n , E . a n g u s t i f o l i u m , 
" ' o l i n i a . c a e r u l e a , A n t h o x a n t h u o o d o r a t u r n , Poa p r a t e n s i s , 
C a l l u n a v u l g a r i s , V a c c i n i u " m y r t i l l u s , :.uir,ex a c e t o s a , 
G a l i u m s a x a t i l e , J u n c u s e f f u s u s . 
Sphagnum r e c u r v u m , S. p a p i l l o s u m . 3. compactiim. 
C a r e x n i g r a , C. p a n i c e a . T h i s i s i n d i c a t i v e o f t h e 
f a c t t h a t r l t h o u g h s. number o f p l a n t s o f w e t l a n d 
h a b i t a t s r.re p r e s e n t , a f a i r number of s p e c i e s r e p r e s e n t 
e v i d e n c e o f d r y i n g o u t and c o n t r a c t i o n of the m i r e , 
p a r t i c u l a r l y a t i t s m a r g i n s . 
T h e l a r g e h o l l o w l e f t by p e a t c u : t i n g shows 
a n accumul?>.tion o f d r a i n a g e w a t e r , a n d a o u i t e w e l l 
d e v e l o p e d f e n c o - m u n i t y a t i t s s o u t h e r n e n d . The c u t 
a r e a i s d o m i n a t e d by S r i o p h c r u r n v a g i n a t t i r a , C, 
a n g u s t i f o l i u m , r o l i n i a c a e r u l e a , C a r e x r o s t r a t a . C a r e x 
p a n i c e a , J u n c u s e f f u s u s , J . s q u a r r o s u s , J . c o n g l o m e r a t u s , 
V a c c i n u m m y r t i l l u s , V. o x y c o c c u s , 3 c a b i o s a s u c c i s a . 
T u s s i l a g o f a r f a r a , D r y o p t e r i s s p i n u l o s a , r o l y t r i c h u m 
commune, P, s t r i c t u m . Sphagnum p a p i l l o s u m a n d S. r e c u r v u m . 
T h e f e n h a s a. s m a l l a r e a o f open w a t e r a t i t s 
i n t e r i o r ; a n d 3 a l i x s p p . , A l n u s , q l u t i n o s a and Be t u l a 
p u b e s c e n s a t i t s m a r g i n s , t o g e t h e r w i t h P o t e n t i l l a e r e c t a , 
P. p a l u s t r i s , Ilumex a c e t o s e l l a , V a l e r i a n a d i o i c a , 
F i l i p e n d u l a u l m a r i a , D a c t y l o r c h i s i n c a r n a t a . Sphagnum 
c u s p i d a t u m , 3. r e c v i r v u m , S. p a p i l l o s u m and P o l y t r i c h u m 
corv nine . I n t h e s h a l l o w w a t e r , r i y d r o c o t y l e v u l g a r i s , 
P o t a - j o g e t o n p o l y g o n i f o l i u s , E o u i s e t u m p a l u s t r e , A a n u n c u l u s 
_£_l_amula, 'Tentha a q u a t i c ? , r.nd Snarganiun-; e n e r s u ; - f l o u r i s h . 
S t r a t i g r a p h y 
T h e s t r a t i g r a p h y was i n v e s t i g;ated by means of a 
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l e v e l •'ed t r a n s e c t of b o r i n ; ^ s f r o m w e s t to e a s t 
a c r o s s the c"-:-nuel ( F i y u r e 2 2 ) . The r e s u l t ? a r e 
s' ov.n i n F i y u r e 2 3 . 
T i i p f i r s t s e v e n b o r e s f r o i - the w e s t e r n edge 
b e t to-red i n i r y-ene t r a b l e v r e y c l a y wit'' a n j - u l a r 
s t o n e s , w h i l e the r e m a i n i n g ' t h r e e e n c o u n t e r e d r o u n d e d 
; ^ ^ r r v e l s a t t ^ e i r "^aximun p e n e t r a t i o n . I n t h e c e n t r e 
o f t' e c h p n n e l , t'-^ e c o n c a v e s u r f a c e of t h e s e d e p o s i t s 
p r o v i d e s a h o l l o w i n whic'-' un t 4 5 cm. of l i g h t 
bro'v'i c l ' v mud h a s a c c u m u l a t e d , t h i n n i n g and 
d i n a r n e a r i n r l a t e r a l l y a s t h e s l o p e s become s t e e p e r 
a n ' ' more c o n v e x , A l a r g e ex'~"nse of d r y wood p e a t 
c o v e r s t"^ i s and s t r e t c h e s to t h e bog m a r g i n s , b e i n g up 
to l y m e t r e s t h i c k i n p l a c e s . ^em-ins of T i nu s ? n d 
^ a 1 i x a r e f r e q u e n t n e a r i t s b a s e w i t h ''•e t u l a and 1 nu s 
'• i h e r up. I n t h e c e n t r a l pc.rt of t h e wood 'T'eat 
a b o u t one e t r e f r o m t h e p r e s e n t s u r f a c e , a r e two vbands 
of g r e y s i l t of c o H u v i a i f o r m ; t h e l o w e r 25 cm, 
t h i c k and e x t e n d i n g l a t e r a l l y f o r 10 m e t r e s , t h e u - p e r , 
5 cm'?. } - i ; h e r , a<)Out 10 . t h i c k and e x t e n d i n g 2 0 
m e t r e s b e f o r e p e t e r i n g o u t l a t e r a l l y . Two l e n s e s o f 
Snhaynum n e a t o c c u r i n d e p r e s s i o n s of t h e u n p e r s u r f a c e o f 
the v.'ood peat n e a r t'-'e mj r e e d g e s . The w e s t e r n one 
a t t a i n i n g 9 0 cm. i n t h i c k n e s s , t h e e a s t e r n one 105 cm., 
h o t - exten'-Ung o n l y s h o r t l a t e r a l d i s t a n c e s . O v e r l y i n g 
t h i s o v e r t h e w h o l e a r e a i s a - u i t e w e l l h u m i f i e d 
C_are^ p e a t v / i t h C a l l u j i a a nd ^^ e tu^ljt t w i g s and s e e d s of 
^ n j - a n j h e s J_ry_f_o_^i_?-_ta, up to 140 c-^. t h i c k i n p l a c e s . 
• m a l l b a n d of '^r ^ iophorir^ p e a t w i t h s m a l l l a t e r a l 
d i m e n s i o n s and 2 5 c^.^. t h i c k i s f o u n d n e a r t'le w e s t e r n 
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l a y e r , about 25 cm. t h i c k c a n be t r a c e d , through the 
uncut w e s t e r n s e c t o r to n e a r the s u r f a c e i n the cut 
e a s t e r n a r e a . The s u p e r f i c i a l d e p o s i t i n the s u c c e s s i o n 
i s a m i x t u r e of d r i e d p e a t y s o i l i n the u n d i s t u r b e d a r e a , 
w h i l e below the metre h i g h peat, c u t t i n g cut peat and 
s o i l a r e admixed to a depth of 15-30 cm. I n the c u t 
t 
a r e a the lower p a r t of the C a r e x peat forms the f i r s t 
u n d i s t u r b e d sediment. 
The maximum depth of d e p o s i t s e ncountered a t 
T r a n m i r e was 3.67 metres (12 f e e t ) , though the 
p o s s i b i l i t y t h a t deeper ones e x i s t e d b e f o r e the 
e x t e n s i v e human i n f l u e n c e i s v e r y l i k e l y . 
P o l l e n and M a c r o f o s s i l A n a l y s i s and Chronology 
Samples f o r p o l l e n and m a c r o f o s s i l a n a l y s i s were 
s e c u r e d i n 1969 from two s i t e s . The f i r s t through 
the d e e p e s t and most complete s u c c e s s i o n (PS (A) , 
F i g u r e 2 4 ) , and the second from near the c e n t r e of 
the d e p o s i t ( P S ( B ) , • F i g u r e 2 5 ) , to p r o v i d e a c r o s s 
c h e c k on the i n c e p t i o n of sediment f o r m a t i o n i n the 
c h a n n e l . 
The s t r a t i g r a p h y a p p r o p r i a t e to P S (A) i s a s 
f o l l o w s :-
0-15 cm. Dry p e a t y s o i l v/ith contemporary r o o t s , 
f r a g m e n t s of C a l l u n a , C a r i c e s and H o 1 i n i a ; l e a v e s of 
Sphagnxxm rube Hum and S. compactum. 
15-36 cm. L i g h t brown Sphagnum peat w i t h Sphagnum 
a c u t i f o l i a agg., S. rube 1 lum, S'. • cuspidatum, S. 
pUxmulosum, S. recurvum. S. t e n e l l u m , S. squarrosum, 
S, p a l u s t r e . L e a v e s of Hypnum:-.cuoressiforme and P l e u r o z i u m 
s c h r e b e r i a t 35 cm. O c c a s i o n a l C a r e x stems and 
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Eri o p h o r u i i i vaginatum s p i n d l e s . A n n u l i of P t e r i d i u m 
a q u i l i n u m a t 15 cm. 
36-178 cm. !''id-brown, f a i r l y w e l l h u m i f i e d C a r e x 
peat v/ith L ^ o l i n i a stems and C a l l u n a twigs throughout. 
C h a r c o a l abundant 40-155 cni. ileeds of Juncus e f f u s u s 
160-175 cm. L e a f of ^richophorum sp. a t 130 cm. 
Sriophorum f i b r e s 55-150 cm. '^etula t w i g s a t 120 cm. 
B r y o p h y t e s l o c a l l y abundant 36-150 cm. p a r t i c u l a r l y . 
Sphagnum recurvum. -S. plumulosum, 3. p a l u s t r e , S. 
pap i 1 losum , S. rube Hum, S. mage 1 la n i c u m , S. sub-secundum, 
S. a c u t i f o l i a agg., Picranum sp., A c r o c l a d i u m cuspidatum. 
S p o r a n g i a of P t e r i d i u m a q u i l i n u m 160-178 cm. 
178-322 cm. J^'id-brown amorphous, d r y wood peat w i t h 
C a r e x remains throughout; w i t h J u n c u s e f f u s u s , J . 
conglomeratus seeds and S p o r a n g i a of T h e l y p t e r i s 
p a l u s t r i s , - l l n u s and Bejtula t w i g s f r e q u e n t 178-310 cm. 
P i n u s and S a l i x remains 310-322 cm. L e a v e s of 
Sphagnum a c u t i f o l i u m a t 235 cm. P o l y t r i c h u m co'rmune 
a t 300 cm. and Aulacomnium. p a l u s t r e a t 290 cm. -".Tome 
f i n e s i l t p r e s e n t . 
322-341 cm. L i g h t brown c l a y mud, w i t h C a r e x spp. an^ 
see d s of J u n c u s s q u a r r o s u s . 
341-367 cm. + T e n a c i o u s grey c l a y w i t h a n g u l a r s t o n e s . 
Some C a r e x and wood remains i n upper 20 cm., then 
becoming p u r e r and i m p e n e t r a b l e . 
P r o f i l e P S ( B ) shows :-
0-30 cm, . D i s t u r b e d sediment. 
30-60 cm. Vid-brown, w e l l h u m i f i e d C a r e x peat w i t h 
Be t u l a and C a l l u n a r e m a i n s . 
60-135 cm. >'id-brown amorphous d r y v/ood peat w i t h 
A l n u s and Be.tula remains i n the upper p a r t , S a l i x and 
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P i n u s a t lower l e v e l s . Some s i l t , 
135-168 cm. L i g h t brovm c l a y mud v/ith C a r e x stems, 
and s e e d s of J u n c u s s q u a r r o s u s . 
168-180 cm. + G r e y c l a y w i t h a n g u l a r s t o n e s , C a r e x 
stems, J u n c u s s e e d s and wood i n the upper 10 cm., 
t h e r e a f t e r t e n a c i o u s , becoming i m p e n e t r a b l e . 
The p o l l e n diagram f o r T r a n m i r e S l a c k (A) 
( F i g u r e 24) shows the f o l l o w i n g zones to be p r e s e n t :-
Zone V I c (350-328 cm.) 
P i n u s dominant a t f i r s t , l a t e r A l n u s and "^uercus 
i n c r e a s e i n f r e q u e n c y . Herbs r a r e . A q u a t i c s -
Sparganitim and Potamogeton r e c o r d e d . 
Zone V i l a (328-227 cm.) 
The lower boundary c h a r a c t e r i z e d by a r a p i d i n c r e a s e 
i n A l n u s f r e q u e n c i e s , w i t h Quercus and B e t u l a expanding 
a l s o , Ulmus, T i l i a and F r a x i n u s appear a t the zones 
commencement but each not e x c e e d i n g 5-8% of t o t a l t r e e 
p o l l e n , C o r y l u s and S a l i x d e c l i n e , to re-expand l a t e r . 
Hedera. I l e x and J-onicera r e c o r d e d . S m a l l f r e c u e n c i e s 
o f F i l i p e n d u l a , Melampyrum, P l a n t a g o coronopus. Riimex 
a c e t o s a , S u c c i s a , R a n u n c u l a c e a e and Rosaceae p r e s e n t . 
A q u a t i c s - H y d r o c o t y l e and I'enyanthes o c c u r , and 
Polypoditun, P t e r i d i u m and F i l i c a l e s a l s o . 
Zones V l l b and V I I I ( 2 2 7 - 0 cm,) 
No d i v i s i o n i n t o s e p a r a t e Zones V l l b and V I I I i s 
made, but o v e r a l l 3 sub-zones can be i d e n t i f i e d :-
Sub-Zone A (227-156 cm.) 
Lower boundary marked by an Ulmus f a l l . Above and 
• 
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below t h i s l e v e l , P i n u ^ , C o r y l u s . f luercus and /.^Inus 
expand s l i g h t l y , £ r a x i n u s temporar i ly di sap::earing. 
Gramineae , Cyperaceae Plantago spp. , L i g u l i f l o r a e , 
Chenopodiaceae , releunpyriim, Ranunculaceae , Rosaceae , 
Rumex ace tosa gnd Succ i sa f r e q u e n c i e s r i s e , as does that 
of P t e r i d i u m . Lycopodium clavaturn recorded. 
Sub-Zone B ( 156-36 crn.) 
U.lmus and T i l i a r e c l i n e , a l s o F r a x i n u s and other 
a r b o r e a l p o l l e n f r e q u e n c i e s . ^a.^us and oorbus appear. 
A r b o r e a l p o l l e n no more than lO-12'i' of t o t a l p o l l e n . 
Gramineae , C e r e a l i a , Cyperacea.e , C a l luna . T u b u l i f lorae , 
L i g u l i f l o r a e , C a r y o p h y l l a c e a e , Chenopodiaceae, 
F i l i p e n d u l a , Plantago s p p . , P o t e n t i 1 1 a , Ranunculaceae, 
Rosaceae , Rubiaceae , )lumex a c e t o s a , Umbel l i f erae and 
P t e r i d i u m i n c r e a s e s i g n i f i c a n t l y . Lycopodium clavatum 
recorded . 
Sub-Zone C (36-0 cm.) 
A r b o r e a l p o l l e n and shrubs d e c l i n e to under lO/i 
of tota.1 p o l l e n , even F r a x i n u s and Fagus poorly 
r e p r e s e n t e d . Herbaceous types of B increase sharply 
together w i t h S u c c i s a , U r t i c a , S p e r g u l a r i a , V a l e r i a n a , 
V i c i ? , Polygonxim p e r s i c a r i a and Centai irea cyanus. 
Sphagnum has i t s maximum v a l u e . 
The p o l l e n diagram for Tranmire S l a c k (B) 
( F i g u r e 25) , based on a t o t a l "tree p o l l e n sum shows 
the f o l l o w i n g zones to be present : -
Zone V i c (180-152 cm.) 
P inus and B e t u l a dominant. Quereus and Ulmus 




















Herb f r e q u e n c i e s low, but a q u a t i c s qu i te h igh , 
e s p e c i a l l y A l i sma . C a l l i t r i c h e . ^'Vdrocotyle . 
Nymphaea, Potajnogetojni and Sparganium. LycoporUtun 
inundatum recorded . 
Zone V I I a ( 152-135 cm .± 
Alnus expands, P i n u s . C o r y l u s and B e t u l a 
d e c l i n e . Que reus , -Tlmus , T j l i a end ? r a x i n u s 
i n c r e a s e i n frequency . Arborea l p o l l e n va lues up 
to 86v of t o t a l p o l l e n . 
The Development of the ?' ire System 
At the onset of d e g l a c i a t i o n i n the \ 7 e i c h s e l i a n , 
w i t h the emergence of North C l e v e l a n d as a nunatak, 
and the presence of stagnant i c e i n e a s t e r n .'iskdale, 
Tranmir.e S l a c k began i t s e v o l u t i o n . o o l i f l u c t i o n 
p r o c e s s e s , a c t i n g upon an area wi th few g l a c i a l 
depos i t s sensu s t r i c t u , gave r i s e to a stony grey c l a y 
wi th l i t t l e admixture of organic mat ter . There i s no 
evidence i n the s t r a t i g r a p h y or n a c r o f o s s i I s of any 
environmental changes during the accumulation of t h i s 
c l a y , and the p o l l e n a n a l y t i c a l record dates from near 
the c l o s e of Borea l time ( l a t e Zone V I ) . The l i t h o l o g y 
of the c l a y , hovvever, and the presence w i t h i n i t , of 
c e r t a i n p o l l e n types c h a r a c t e r i s t i c of L a t e - g l a c i a l 
d e p o s i t s ( T u b u l i f l o r a e and F i l i p e n d u l a , for example); 
when cons idered i n r e l a t i o n to i t s c lo se a f f i n i t i e s to 
o ther almost i d e n t i c a l c l a y s , d e f i n i t e l y a s c r i b a b l e by 
p o l l e n content to the L a t e - g l a c i a l , a t other s i t e s i n 
the r e g i o n , makes i t almost c e r t a i n l y of t h i s o r i g i n . 
The e a s t e r n part of the channel i s f l o o r e d by rounded 
g r a v e l s , v e r y l i k e present day r i v e r bed d e p o s i t s . 
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T h i s i n d i c a t e s t h a t , at t h i s time, Tranmire S l a c k 
conta ined through dra inage . At p r e s e n t , a small 
stream f lows around the edge of the m i r e , and the 
g r a v e l s represent part of i t s former course . The 
e c o l o g i c a l cond i t ions i n the channel during the L a t e -
g l a c i a l and e a r l y P o s t - g l a c i a l p e r i o d s , c o n s i s t e d of 
a stream meandering a c r o s s the f l o o r , and l i a b l e to 
f l o o d i n g , inundat ing , eroding and r.edeposi t ing any 
sediment which was accumulat ing . Apart from the 
s tream, there were some areas of open water , represented 
by the c l a y mud above the s o l i f l u c t i o n depos i t , and i t s 
p o l l e n of A1i sma, C a l 1 i t r i c h e . Fotamogeton. Kymphaea, 
Sparganium, Hydrocoty le , Lycopodium inunclatum. and 
F i l i p e n d u l a , and inacrof o s s i I s of C a r e x , Juncus , ^if^l.ix 
and B e t u l a . T h i s suggests sorpe f r i n g i n g sv/amps r.nd 
fen d e p o s i t s , but nowhere with an un interrupted 
s u c c e s s i o n , and s.n o v e r a l l , complex hydrosera l s tage . 
I n l a t e B o r e ? l time a marked change too': p l a c e . 
The importance of the stream, and other water bodies 
dim.inished and a f en c a r r became qui te r a p i d l y 
e s t a b l i s h e d i n the channe l . B i r c h , wi 1 low, and l a t e r , 
a l d e r were important i n t h i s , together wi th sedges, 
Juncus , T h e l y p t e r i s p a l u s t r i s and pa.tches of fen nosses . 
' J i t h i n t h i s s tage , which l a s t e d througb the c l i m a t i c 
optimum, and i n t o e a r l y Zones V l l b and V I T I , p o l l e n 
records for h^'enyanthes , "-c^ ui setum. Spi lobium. 
Sparganiurn, Myriopbyllum a l t e r n i f l o r u m , Lycopodium 
clavat',un and FiJ_ij:_ales^ o^^e a f u r t h e r i n d i c a t i o n as to 
the composit ion of the m i r e . Two small areas of f i n e 
grey s i l t are found w i t h i n the wood d e p o s i t s . These 
must have come from the surrounding s l o p e s , and were 
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the product of s o i l e r o s i o n t h e r e , a t a time when 
the p o l l e n diagram i s i n d i c a t i v e of some human 
i n f l u e n c e s i n the neighbouring landscape . 
'Carly i n the "^ub-boreal p e r i o d , the f en c a r r 
decreased i n importance, when a sedge peat , w i th 
Carex spp. , Juncus , ^ 'o l in ia and bryophytes began 
to form. I t q u i c k l y accumulate^, cho?cing tree 
growth, and no doubt having a major i n f l u e n c e on 
the course of the stream, which by then must hr.ve 
been occupying something l i k e i t s present marginal 
c o u r s e . I n c r e a s i n g water a v a i l a b i l i t y , and a 
r i s i n g water tab le must have i n i t i a t e d t h i s s tage, 
when the a c i d i f i c a t i o n of the mire f i r s t began. 
As the swamp developed, d r i e r cond i t ions are 
i n d i c a t e d by the presence of C a l l u n a and grasses i n the 
m a c r o f o s s i l r e c o r d . Charcoa l i s present too, a.nd 
human a c t i v i t y must have extended very near to , i f not 
upon, the s i t e i t s e l f . F t e r i d i u m i s w e l l represented 
by m a c r o f o s s i I s and p o l l e n l a t e i n t h i s stage, and 
probably occupied much of the surrounding slopes at 
t h i s t ime. 
The f i n a l stages of mire e v o l u t i o n were i n i t i a t e d , 
accord ing to the p o l l e n s p e c t r a , about the opening of 
Sub-Zone C (which may represent e a r l y S u b - a t l a n t i c t i m e ) . 
The sedge swamp i n i t s l a t e r phases , developed an • 
i n c r e a s i n g l y a c i d f l o r a , wi th bryophytes p lay ing an 
important r o l e i n the community. f a i r l y s h a r p l y , the 
sedge-bryopbyte deposit was succeeded by a pure moss 
p e a t , dominated by Sphagnum s p p . . Bot'i pool and 
hummock complexes can be deduced from macrofoss i1 
ev idence , and the present shape of the m i r e , a 
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s l i g h t l y r a i s e d , convex f e a t u r e , i n d i c a t e s the 
e f f e c t i v e n e s s of t h i s a c t i v e growth. . I t i s 
d i f f i c u l t to est imate w'len t h i s ceased , because 
the upper p a r t s of the bog have been a l t e r e d by 
contemporary human s . c t i v i t i e s , and the wides^iread 
occurrence of C a l luna . ? ' o l i n i a and Pter id ium i n 
the peat h e r e , together wi th the d r i e s t hu'^ rmock 
forming Sphagna ( S . rubellur" and S . compactum) , 
i s a t t r i b u t a b l e i n large measure to these . 
V e g e t a t i o n a l H i s t o r y of the Tranmire i l a c k Area 
Ev idence f o r the v e g e t a t i o n a l developments on the 
moorlands around Tranmire i s l a c k i n g u n t i l l a t e Borea l 
t ime. The f i r s t p o l l e n records show that the landscape 
was covered by a w e l l developed c lo sed f o r e s t , 
dominated by Pinus and C o r y l u s . B e t u l a , Quercus , Ulmus 
and 41nus were present but not of widespread s i g n i f i c a n c e 
i n a 95% c l o s e d co'^munity. At the c l o s e of Zone V I , 
mixed deciduous f o r e s t rep laced a p i n e - h a z e l spectrum. 
Alnus was e s p e c i a l l y important e a r l y i n Zone V i l a l a t e r , 
B e t u l a assumed t h i s p o s i t i o n , both perhaps the r e s u l t s 
of l o c a l dominance around the mire i n the A t l a n t i c per iod . 
The surrounding moors c a r r i e d a vegeta t ion dominated by 
Quercus , Ulmus and e v e n t u a l l y a l s o T i l i a and F r a x i n u s , 
though i t may have been qui te open, wi th Cqrjr^lus an 
important c o n s t i t u e n t . Pinus a l s o expanded p e c u l i a r l y 
l a t e i n Zone V i l a , soon to d e c l i n e , around the time of 
the co-nmencement of Zone V I l b . I n the c l o s i n g p a r t s 
of the A t l a n t i c per iod there appear to have been a 
few attempts to c l e a r f o r e s t . I n c r e a s e s i n shrubs , 
and I'elampyrum, Rosaceae and P t e r i d i u m at some l e v e l s 
suggest that temporary c l e a r a n c e s were made, soon to 
144 
recover and become r e f o r e s t e d . 
The f i r s t e f f e c t i v e and l a s t i n g c l e a r a n c e s came 
though i n Zones V l l b and V I I I , and as at the other 
3 s i t e s , three major per iods of a c t i v i t y are 
separable in to Sub-Zones A, B and C . 
Sub-Zone A showed c h a r a c t e r i s t i c a t t a c k s on 
yimus and Ti_li_a, but a l so most other t rees were 
subjec t ed to a f a i r l y e f f e c t i v e c l e a r a n c e , and t h e i r 
percentage cover soon was reduced. The expansions 
of Gramineae. Plantago l a n c e b l a t a and Pteridi \ im 
i n d i c a t e an e a r l y phase of p a s t o r a l a c t i v i t y which 
was qui te w e l l developed. However, B e t u l a and A l n u s , 
and to a l e s s e r extent TTlmus and C o r y l u ^ , were able 
to regenerate i n the l a t e r stages of A, only to be 
soon subjec ted to f u r t h e r removal of a most e f f e c t i v e 
n a t u r e , 
3ub-Zone B i l l u s t r a t e s the r a p i d e f f i c i e n c y 
of c l e a r a n c e at t h i s time i n t h i s a r e a . Hlmus and 
T i l i a were decimated almost to t o t a l d isappearance , 
and most o ther t r e e s s u f f e r e d d e c l i n e s from which they 
never recovered , C o r y l u s was qui te e f f e c t i v e i n 
extending into some . c l eared a r e a s , F r a x i n u s l e s s so, 
and i t was C a l l u n a , Gramineae and other heathland 
p l a n t s which spread into the open spaces . I t i s 
d i f f i c u l t to separate phases of p a s t o r a l and a r a b l e 
a c t i v i t y h e r e , Gramineae, Plantago l a n c e o l a t a , 
Melampyrum. P o t e n t i 11a, Aanunculaceae, .tosaceae and 
P t e r i d i u m dominance of the herbaceous components e a r l y 
on suggest a p a s t o r a l phase; but C e r e a l i a (mainly 
T r i t i c u m dicoccum and '^ordeum T . ) , together w i th 
Artemi s i a , Fagus . .'Aumex a c e t o s a , Chenopodiaceae , 
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C r u c i f e r a e and Flantago coronopus shov/ that 
c u l t i v a t i o n was i n progress too. L a t e i n the 
Sub-Zone some r e g e n e r a t i o n , p r i n c i p a l l y by i e t u l a , 
o c c u r r e d , human a c t i v i t y whi le s t i l l i n progres s , 
seems to have been l e s s , and the massive extens ion 
of G a l l u n a heathland which s t a r t e d r i g h t at the 
beginning of A was slowed down t e m p o r a r i l y . 
Sub-Zone C has as i t s main f e a t u r e s , f i r s t l y 
a r e d u c t i o n of the regenerated woodland of l a t e 3 , 
i n c l u d i n g a severe a t t a c k on the shrub components of 
the v e g e t a t i o n , leading to l e s s than a 6T. cover of 
t r e e s and s h r u b s . T h i s was fo l lowed by an 
a g r i c u l t u r a l phase, dominated by C e r e a l s (I-Tordeun T , , 
Avena T , and l a t e r Seca.le) , A r t e m i s i a . Gompositae, 
L i g u l i f l o r a e , C r u c i f e r a e , Chenopodiaceae, Rumex, 
Centaurea cyanus , C i r sium and oper.Tulari a . L a t e r , 
dominance of Gramineae , C a l l u n a , .'Jmpetrtun, Plantago 
l a n c e o l a t a , P t e r i d i u m and F i l i c a l e s amongst the 
herbaceous vege ta t ion shows that then, p a s t o r a l 
farming came to be the T.ost important . The massive 
expansion of heath vege ta t ion g i v i n g a community not 
u n l i k e that of the present day over much of the 
moorland, wi th t ree s and shrubs conf ined to a very 
few l o c a l i t i e s , and subject to removal and Replacement 
under human i n f l u e n c e s i n what may have been *'edieval 
t ime s . 
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C"\'^5-.l 4 
TKS ?x:OLOGICAI< ^^V^^LOP^^ENT OF CL..EV5Li\ND 
The purpose of t h i s chapter i s to atte-^pt an 
o u t l i n e of the major e c o l o g i c a l changes that ^ave 
o c c u r r e d i n the landscape of C l e v e l a n d i n Late '-uaternary 
t ime, based main ly on the p l a n t records from the s i t e s 
i n v e s t i g a t e d , whi le ta.7cing into c o n s i d e r a t i o n some of 
the problems involved i n sue.' i n t e r p r e t a t i o n s . 
The d i s c u s s i o n i s separated into two s e c t i o n s , 
d e a l i n g wi th the L a t e - g l a c i a l and the P o s t - g l a c i a l 
p e r i o d s r e s p e c t i v e l y ; the l a t t e r sub-div ided into 
(a) The P a r i o d of F o r e s t .ii;stablishment and (b) The 
P e r i o d of F o r e s t Reduct ion . 
4.1 The L a t e - G l a c i a l P e r i o d 
I n t h i s s e c t i o n , v e g e t a t i o n a l h i s t o r y , and 
environmental changes wi th which i t can be c o r r e l a t e d , 
i s cons idered from the time of the e a r l i e s t f l o r a l 
evidence (sometime w i t h i n p o l l e n zone I ) u n t i l the 
beginnings of the es tabl i shment of a tree covered 
landscape (about the c o n c l u s i o n of p o l l e n zone I I I ) . 
The evidence i s drawn mainly from Seamer C a r r s rnd 
K i l d a l e P l a l l , v/i th lest Mouse and Swe Crag S l a c k , 
p r o v i d i n g in format ion only about the l a t e r stages of 
development. 
Chronology 
The zonat ion of the p o l l e n diagrams, independent 
f o r each , i s based on a t o t a l p o l l e n sUiS (exc lud ing 
a q u a t i c p o l l e n ; pter idophyte and bryophyte s p o r e s ) , 
o v e r a l l thought to give the c l e a r e s t i n d i c a t i o n s of the 
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r e l a t i v e importance of p l a n t s i n what must have been 
a l a r g e l y open, t r e e l e s s landscape . F o r C l e v e l a n d , 
the zonat ion adopted may have some chronolog ica l 
s i g n i f i c a n c e , due to the r e l a t i v e l y smal l s i z e of the 
r e g i o n . There i s good synchrone i ty between L a t e -
g l a c i a l boundaries w i t h i n I 3 r i t a i n and Europe (Godwin 
and ' i i l l i s , 1959) , as determined by radiocarbon a s s a y . 
The radiocarbon date of 3 ,400 B . C . f o r la te F r e - b o r e a l 
time at iC i lda l e Mal l i n d i c a t e s that a broadly s i m i L - r 
t imesca le i s v a l i d for C l e v e l a n d as f a r as the L a t e -
g l a c i a l i s concerned. As yet no absolute c o r r e l a t i o n s 
w i t h other L a t e - g l a c i a l s i t e s i n nor th -eas t England i s 
p o s s i b l e , but developments at Neasha/ii near iJar l ington 
( B l a c k b u r n , 1952); Lake P i c k e r i n g near Scarborough 
(Godwin and . . a l k e r , 1954) ; T a d c a s t e r on the i i s c r i c k 
moraine ( B a r t l e y , 1962) ; ixomaldkirk i n Teesdale 
(Bel lamy et a l . , 1966); Thorpe Bulmer and doutl:. 
l / ingate i n e a s t e r n iOurham ( B a r t l e y , personal co nunicat ion) 
and Cranberry Dog i n c e n t r a l Durham ( T u r n e r , personal 
communication) show c e r t a i n a f f i n i t i e s to the C leve land 
e c o l o g i c a l r e c o r d . Diagrams from ii.by Grange, 
L i n c o l n s h i r e (3ui^3ate and J e s t , 1958), 3c.mburi;h, 
Iiorthumber land ( B a r t l e y , 1966) and Cors torph ine , 
Edinburgh (Nev/ey, 1970) a l s o are r e l e v a n t ; v/hile i n 
n o r t h e r n /Europe, the i n v e s t i g a t i o n s i n iJeamark 
' ( I v e r s e n ,1954 , ivrog, 1954) and the Netherlands (Vc.n »ier 
Ilammen et a l . , 1967) provide important comparative 
u e t a i 1 . 
I n C l e v e l a n d , the L a t e - g l a c i a l per iod has been 
s u b - d i v i d e d i n t o Lower Dryas (Zone l ) , fo l lowed by the 
A l l e r S d I n t e r s t a d i a l (Zone I I ) . No B o i l i n g o s c i l l a t i o n 
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(Zone lb) i s recogn ized , but Zone I I i s c h a r a c t e r i z e d 
by three d i v i s i o n s , a , b and c . The f i n a l phase of 
L a t e - g l a c i a l time was the Younger .Gryas p e r i o d , 
(Zone I I I ) . 
The a c t u a l end of F u l l - g l a c i a l and the beginning 
of L a t e - g l a c i a l time i s p r o b l e m a t i c a l . Cross (1957) 
d e f i n e s the end of the Kauptwur • J t a d i a l i n .A-rope and 
the beginning of the L a t e - g l a c i a l there at the s t a r t 
of i c e r e t r e a t fro.-n the Pou^^erian moraines and the 
opening of the o ldes t Dryas p e r i o d , which F i r b a s 
(1949) c a l l e d p o l l e n a n a l y t i c a l zone l a , Je Geer 
(1954) c a l c u l a t e d by varve a n a l y s i s that the PonL-ierian 
g l a c i a l stage ended before 14,000 " . C , and the o ldes t 
rad iocarbon dates for F o l l e n Zone l a do not exceed 
13,800 t 800 B . C . The beginning of the L a t e - g l a c i a l 
was probably t h e r e f o r e , around 14,CXX) B . C . . .o lstedt 
( 1956) d i v i d e s the .'.'ittel-w'urm and the Late -g lac iE .1 
towards the end of the i n i t i a l r e t r e a t from the 
Pomnerian mora ines , and both he and Gross (1957) 
i n c l u d e the B o i l i n g and the .^.llerod amongst L a t e - g l a c i a l 
i n t e r s t a d i a l s . 
Van c..er Hammen ( 1952b, 1957a, 1967) de f ines h i s 
P l e n i g l a c i a l / L a t e - g l a c i a l boundary on p a l y n o l o g i c a l 
c r i t e r i a , p r i n c i p a l l y a r i s e i n the Artemi s i a p o l l e n 
c u r v e , o c c u r r i n g at the Olrier-Younger Coversand i n t e r f a c e 
i n the Ne ther lands . Here the ' I a i n Jurm' l a s t e d from 
about 26,000 to 15,000 years ago, with what has buen 
termed ' p o l a r d e s e r t ' vege ta t ion and condi t ions i n i t s 
l a t t e r stages (Van der Kammen et a l . , 1967). 
rad iocarbon date of 11,300 B . C . has been obtained by 




I n n o r t h e r a .England i t i s assumed, (Penny, 
Cooj>e and C a t t , 1969. Pennington, 1970^ that 
F u l l - g l a c i a l cond i t ions e x i s t e d from about 26,000 to 
15,jxX) years ago. Godwin (1956) s t a t e d that the 
! 
F u l l l / L a t e - g l a c i a l boundary lay somewhere w i t h i n p o l l e n 
I 
a n a l y t i c a l Zone I , but i t was not p r e c i s e l y known v/here. 
Radiocarbon dates of 18,500 - 400 B . P . , and 18,240 -
250 3.P . , from what i s regarded as an Upper P l e u i g l a c i a l 
moss s i l t from Diml ington, eas t Y o r k s h i r e not of 
i n t e r s t a d i a l rank (Penny, Coope and C a t t , 1969) and 
o v e r l a i n by the Drab, F u r p l e and f less le T i l l s of Upper 
P l e n i g l a c i a l (V . 'eichselian maximum) age, are c r i t i c a l 
i n the a r e a . The s i t e i s outs ide the L a t e - g l a c i a l 
moraine l i m i t s , and the t i l l s are o v e r l a i n by p r e -
A l l e r o d sediments , f o r example at S t a r C a r r , ^iby Grange 
and' a t T a d c a s t e r . The . e i c h s e l i a n i c e had r e t r e a t e d 
from north L a n c a s h i r e by about 14,000 3.P. (Godwin and 
' . /" i l l i s , 1964) and the south-west .Scottish Lowlands by 
13,p00 B . P . (i . 'oar , 1963) . Between 18,000 3.P. and 
13,0*0 E . F . t h e r e f o r e , the three d i v i s i o n s of the 
V.'eichsel ian maximum d r i f t were depos i t ed . Penny, 
Coope and C a t t (1969) suggest one composite i c e sheet 
w i t h no time f o r three separate i c e i n v a s i o n s , and 
F r a j n c i s (1970) and Land (persona l co nun ica t ion ) support 
t h i s scheme f o r Durham and n o r t h - e a s t Y o r k s h i r e . The 
maximum ^ e i c h s e l i a n advance must have been reached j u s t 
beyond 18,000 B . P . , and as ^'imlington i s only 30 
ki l jometres nor th of the . - e i c h s e l i a n t i l l l i . o i t s the i ce 
cannot have been f a r north of the s i t e before 18,000 .3 .P. , 
the impoverished i n s e c t fauna a.nd bryophyte h a b i t a t s as 
of jthe s i l t s i n d i c a t e . 
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At Seamer C a r r s and K i l d a l e I l a l l a f u l l 
! 
s u c c e s s i o n of L a t e - g l a c i a l depos i t s o c c u r s . Godwin 
and . a l k e r (1954 ) , Ju^-gate and est (195G) and 
B a r t l e y ( 1 9 6 2 ) , a l l suggest that there i s some evidence 
a t , their s i t e s for r separate B o i l i n g o s c i l l a t i o n v / i th in 
Zone I , but radiocarbon as says are absent , and Godwin 
(persona l ca-nmunication) , i s d i s i n c l i n e d to be l i eve 
that a separate B o i l i n g e x i s t s i n B r i t a i n , a view which 
i s becoming i n c r e a s i n g l y he ld amongst workers i n the 
f i e l d of L a t e - g l a c i a l pa lynology . The A l l e r o d i s 
present and w e l l de f ined at many s i t e s i n nort l : -east 
iingiland. Ilewey (1970) and B a r t l e y (personal comviuni cat ion) 
have reported &n iillero-?. sequence d i v i s a b l e into three 
p a r t s i n south-eas t Scot land and e a s t e r n ^/urhTun 
r e s p e c t i v e l y . 
' I v e r s e n ( 1954) and x rog ( 1954) i n Jenmark suggest 
s i m i l a r d i v i s i o n s of Zone I I t ime, .and both C leve land 
s i t e s (oeamer C a r r s r.nd i l i l d a l e .-"all) aj-pear to conform 
to such a p a t t e r n . I f Van der Ka f^en's .t^rte.Tii s i a r i s e 
c r i t e r i a i s adoptee i n order to determine a p o s s i b l e 
F u l l / L a t e - g l a c i a l boundary, both C l e v e l a n d s i t e s can be 
regarded as having pre-Al ler 'dd sediments of L a t e - g l a c i a l 
age, v/ith no evidence f o r F u l l - g l a c i r . l c o n d i t i o n s . 
! 
However, the l a c k , as y e t , of any c l e a r and f i n i t e 
i 
evidence from known i n t e r s t a d i a l and i n t e r g l a c i a l s i t e s 
i n the a r e a makes only p o l l e n a n a l y t i c a l zones s u i t a b l e 
f o r c o r r e l a t i o n s , and i n what fo l l ows they provide the 
b a $ i s f o r d e s c r i p t i o n and d e f i n i t i o n . 
Problems i n the I n t e r p r e t a t i o n of the L a t e - G l a c i a l i 
P o l l e n -Aecord 
i^lssembLages of L a t e - g l a c i a l vegeta t ion have been 
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c b a t a c t e r i z e d for Ttany a r e a s , being synthes ized 
notably by Godwin (1956) and i er.nington ( 1969). 
There have been ve.rj.ous ap rorches to the r n a l y s i s 
of isuch vegetc . t ion. . -alker ( 1966) attempted a -
c l a j B s i f i c a t i o n in to i iab i ta t types (v i . z . .^ry lane, 
herbs and Damp land herbs) i n order to separate 
comTiuni t ie s . Community c h a r a c t e r i z a t i o n , with 
ana; lys i s of h a b i t a t s and to l erances i s a d e s i r a b l e 
method of approach, and has been adopted by Proc tor and 
Lambert ( 1 9 6 1 ) , F i r l - and Godwin ( 1963), Voore (1970) 
and' Pennington (1970) . 
Pennington (1970) suggests that while t h i s 
approach i s the best one, i t does r a i s e problems, 
p a r t i c u l a r l y when marginal hydroseres of shal low bas ins 
are, inc luded i n the a n a l y s i s . Then, such taxa as 
Grajnineae, Cyperaceae and Composi tae are inc luded i n 
more than one community and are d i f f i c u l t to a s s i g n to 
a p a r t i c u l a r one with c o n f i d e n c e . 
The r a t i o of arborea l p o l l e n to non arborea l 
p o l l e n i s a l s o important i n L a . t e - 2 l a c i a l s p e c t r a . A 
h igher a r b o r e a l / n o n a r b o r e a l p o l l e n r a t i o , or a chanjje 
to one, has been i n t e r p r e t e d a.s i n d i c a t i n g per iods of 
c l i m a t i c a m e l i o r a t i o n , and a reverse of t h i s r a t i o a 
r e t \ i r n to a poorer c l i m a t i c rerrime. The p o s s i b l e 
long d i s t a n c e t ransport of p o l l e n g r a i n s , e s p e c i a l l y 
of P inus (which has no ' v i? . cro - fos s i 1 r e p r e s e n t a t i o n i n 
the C l e v e l a n d L a t e - g l a c i a l ) must be cons idered , 
p a r t i c u l a r l y with re ference to recent s tud ie s of p o l l e n 
transport (Tauber , 1965) . I f P inus a r r i v e s by long 
d i s t a n c e t r a n s p o r t , and remains a constant amount yearly 
th$n when l o c a l vege ta t ion components (and t h e i r supply 
i 
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of po l l en ) are reduced, pine w i l l increase i n the 
spectrum. Such s p e c t r a need c a r e f u l c o n s i d e r a t i o n 
i f jPinus i s a major c o n t r i b u t o r , ( J e s s e n , 1949). 
There i s commonly one other tree type found i n 
L a t p - g l a c i a l d e p o s i t s , B e t u l a , and t h i s too presents 
problems. T y p i c a l g r a i n s of dwarf b i r c h , B e t u l a 
nana, have been dist ingui 'shed by observat ion and 
measurement from t'-:ose of tree b i r c h e s , f o r example 
by Terasmae (1951 ) , '7alker ( 1955) and B a r t l e y ( 1962). 
There i s a large a r e a of o v e r l a p , however, and even 
q u a n t i t a t i v e s epara t ion ipethods such as used by ? i r k s 
(19.68), based on the pore depth to g r a i n diameter 
r a t i o of B e t u l a nana and tree b i r c h e s cannot be used 
where H y d r o f l u o r i c a c i d has been used i n the 
p r e p a r a t i o n ( d i s t o r t i o n of g r a i n s r e s u l t s ) . T h e r e f o r e , 
the p r o p o r t i o n of B e t u l a f a l l i n g outs ide the accepted 
c h a r a c t e r i s t i c s of B e t u l a nana, may, according to 
Pennington, (1970) i n f a c t be i t , and i t i s inaccura te 
to regard a curve for percentage B e t u l a p o l l e n as 
i n d i c a t i v e of the r e l a t i v e importance of merely t rees 
i n the v e g e t a t i o n . A r i s i n g Be^tula curve could be 
n e a r l y a l l .^jetula nana, and to overcome t h i s to some 
e x t e n t , the C l e v e l a n d L a t e - g l a c i a l diagrams have a 
separate B e t u l a nana c u r v e , but the g r a i n s have been 
i n c l u d e d , where n e c e s s a r y , w i th the tree p o l l e n sum. 
The use of absolute p o l l e n counting techniques 
i n , A m e r i c a ( B a v i s and Deevey, 1964) and i n north-v.est 
Tn^land (Pennington and Bonny, 1970) , has produced two 
fr<!sh t h e o r i e s on L a t e - g l a c i a l p o l l e n diagram 
i n t e r p r e t a t i o n . F i r s t l y , at times such as the e a r l y 
L a t e - g l a c i a l when absolute p o l l e n frequency was low. 
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changes i n p e r c e n t a g e s of v a r i o u s t r e e p o l l e n s , 
p r e v i o u s l y i n t e r p r e t e d a s e v i d e n c e of c l i m a t i c 
o s c i l l a t i o n s may r e p r e s e n t s t a t i s t i c a l a r t i f a c t s 
r a t t i e r than s i g n i f i c a n t v e g e t a t i o n a l changes. A l s o , 
a t the L a t e - g l a c i a l / P o s t - g l a c i a l boundary a b s o l u t e 
c o u i t s g i v e h e r b a c e o u s p o l l e n f r e q u e n c i e s whicb do not 
d i m i n i s h g r e a t l y , as they do w i t h the p e r c e n t a g e ^nethod 
when they a r e s u p p r e s s e d by m a s s i v e i n c r e a s e s i n t o t a l 
y e a r l y p r o d u c t i o n of t r e e p o l l e n w*iich o c c u r r e d v/hen 
I 
manyj- t r e e s s p r e a d i n the e a r l y P o s t - g l a c i a l . 
I 
The Landscape 
The r e t r e a t of the ' J e i c h s e l i a n i c e l e f t b o u l d e r 
c l a y j s and sands and g r a v e l s s p r e a d q u i t e t h i c k l y o v e r 
the ' C l eveland P l a i n and i n the d a l e s , the North C l e v e l a n d 
I'Dor^s b e i n g l e f t w i t h g l a c i a l l y eroded landforms by what 
was Ipresumab.ly " c l e a n " i c e . I n the e a r l y s t a g e s of 
1 
d e g l ' a c i a t i o n t h e r e must have been a nvimber of c o l d , 
f r e s h w a t e r l a k e s , danmed by the r e t r e a t i n g i c e margins 
or biy m a t e r i a l dumped from the g l a c i e r s . The c l i m a t e 
woul3 have been s e v e r e , w i t h perhaps p e r e n n i a l l y f r o z e n 
ground and a w a t e r l o g g e d s o i l , l i m i t i n g the spread of 
p l a n t growth; something perhaps c l o s e to Van der 
Hammen's concept of a ' p o l a r d e s e r t ' . The water b o d i e s 
must have d r a i n e d , water t a b l e s f a l l i n g a s a consequence, 
w i t h the a c c e n t u a t i o n of h a b i t a t d i f f e r e n c e s on the 
b o u l d e r c l a y s and sands and g r a v e l s of the lowlands and 
the b a r e r o c k of the u p l a n d s . A l l t h i s would have been 
a c c o n p l i s h e d g r a d u a l l y W i t h the b o u l d e r c l a y s the b e s t 
a r e a s i n terms of a v a i l a b l e n u t r i e n t s f o r p l a n t growth. 
E v e n the lowl a n d sand and g r a v e l s p r e a d s , and the uplands 
th t h e i r s o l i f l u c t e d s l o p e s must have been r e a s o n a b l e wi 
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a r e a s f o r p l a n t c o l o n i z a t i o n when compared to p r e s e n t 
day c o n d i t i o n s v/i th l e a c h i n g a t an advanced stage 
e v e r y w h e r e . 
The r e l a t i v e p o s i t i o n s of land and sea i n 
e a s t e r n EIngland a t t h i s time a r e r e a s o n a b l y w e l l 
knov,«j. The m a j o r i t y of what i s now the s o u t h e r n 
N o r t h Sea, ( t o a l i n e about the Tash) , v/as l a n d , 
c o n n e c t i n g B r i t a i n to Europe ( J e l ^ e r s m a , 1961). 
Thus a good avenue f o r p l a n t s r e c o l o n i z i n g the g l a c i a t e d 
a r e a s a f t e r s-^ending the c o l d p e r i o d s of the 'Quaternary 
i n r e f u g i a to the south of the i c e s h e e t s was a f f o r d e d . 
F o r s p e c i e s which r e t r e a t e d i m m e d i a t e l y south of the 
l a s t g l a c i a l l i m i t , the broad low l a n d c o r r i d o r between 
the w e s t e r n and e a s t e r n u p l a n d s of E n g l a n d was an 
i m p o r t a n t m i g r a t o r y r o u t e northwards f o r v e g e t a t i o n . 
The p h y s i c a l b a r r i e r s of tl'.e P e n n i n e s , f o r exp..Tf>ple, 
may h e l p to expla.in the somewhat d i f f e r i n g L a t e - g l a c i a l 
e n v i r o n m e n t s of n o r t h-west and n o r t h - e a s t T^n^land. 
The l o w l a n d b a s i n s of C l e v e l a n d , a f t e r the 
g r a d u a l meltin.'j of the i c e , acciimulated a c o n s i d e r a b l e 
r^epth of pure s i l t y c l a y w i t h l i t t l e o r g a n i c c o n t e n t 
and few a q u a t i c p o l l e n t y p e s . T h i s s u g g e s t s t h a t a 
f a i r amount of s o l i f l u c t i o n was i n p r o g r e s s and t h a t 
the w a t e r b o d i e s t h a t e x i s t e d were f r o z e n over f o r 
q u i t e long p e r i o d s . The f r e s h , l o o s e f l u v i o - g l a c i a l 
d e p o s i t s of the lowlands were more conducive to 
mass-movements than the bare u p l a n d s w i t h t h e i r 
s i l i c e o u s b edrock. The u p l a n d m i r e s , w i t h d ^ o s i t s 
w h i c h must i n p a r t r e p r e s e n t e a r l y L a t e - g l a c i a l time, 
h a v e ' a much c o a r s e r s o l i f l u c t i o n c l a y w i t h a n g u l a r 
s t o n e s , i n d i c a t i v e of more s e v e r e p r o c e s s e s than those 
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of the lowlp.nds, where, i n s p i t e of a s i m i l a r l a c k 
of v e g e t a t i o n c o v e r , o n l y the f i n e r d e p o s i t s were 
moved i n t o the l a k e s . S o l i f l u c t i o n i s a v a r i a b l e 
phenomenon which can be cause d by e i t h e r a r i s e or 
a f a l l i n mean temperature, or s i m p l y v a r i a t i o n around 
a mean, g i v i n g t e m p o r a r i l y or perm.anently f r o z e n ground. 
The C l e v e l a n d k e t t l e - h o l e s and i n t e r - d r u m l i n hollov/s 
c o u l d have c a r r i e d i c e bloc.'.^s f o r a c o n s i d e r a b l e p e r i o d 
a t t h i s t i me. I n Denmark, T^artz (1912) r e p o r t e d jome 
k e t t l e - h o l e s r e t a i n i n g 'dead' i c e b l o c k s f o r 2 , 0 T ^ 
y e a r s a f t e r d e g l a c i a t i o n . 
Both s t r a t i g r a p h i - c a l l y and pa lynolo^; i c a l . l y i t 
proved i m p o s s i b l e to determine the ^'ul l - g l r - c i a l / L a t e -
g l a c i a l boundary i n C l e v e l a n d . Fowever, v e r y l i t t l e 
d e r i v e d p o l l e n ( f o r example, of C a r b o n i f e r o u s and 
T e r t i a r y age) was e n c o u n t e r e d a t the lowest a n a l y s e d 
l e v e l s , and c o n t i n u o u s c u r v e s f o r c e r t a i n p o l l e n t y p e s 
s u c h a.s A r t e m i s i a and "lumex make i t f e a s i b l e to p l r c e 
the b a s a l d e p o s i t s of the lowl a n d m i r e s w i t h i n P o l l e n 
Zone I . The upland c h a n n e l m i r e s , where presvunably 
c o n d i t i o n s of a c c u m u l a t i o n accompanied by i n t e n s i t y 
of p e r i ^ l a c i a t i o n have p r e v e n t e d the d e l i n i t a t i o n of 
f u l l and c l e a r sequences, remain a problem i n t h i s 
• r e s p e c t . 
P o l l e n Zone I I saw a d i s t i n c t change i n c o n d i t i o n s , 
w i t h b a s e - r i c h o r g a n i c muds l a i d down i n the m i r e s of 
Seamer and K i l d a l e . The absence of these d e p o s i t s a t 
the o t h e r s i t e s may be e x p l i c a b l e by t h e i r removal and 
r e d e p o s i t i o n by l a t e r s o l i f l u c t i o n , or s i m p l y t h a t the 
c l i m a t i c a m e l i o r a t i o n which c a u s e d t h e i r f o r m a t i o n d i d 
not have s u f f i c i e n t e f f e c t i v e n e s s to do so a t the h i g h e r 
a l t i t u d e s . Very l i t t l e s i l t i s found i n the o r g a n i c 
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d e p o s i t s , ( s a v e i n the middle of the sequence, where 
mass movement must have o c c u r r e d a g a i n ) , and g e n e r a l l y 
s o l i f l u c t i o n c e a s e d w h i l e l a k e p r o d u c t i v i t y i n c r e a s e d . 
P e d i a s t r u m expanded, and a t Zildale m o l l u s c a and 
b r y o p h y t e s f l o u r i s h e d i n a v e r y base r i c h m a r l , i n d i c a t i n g 
c o n s i d e r a b l e c l i m a t i c a m e l i o r a t i o n d u r i n g the 1,2C0 or 
so y e a r s d u r a t i o n of the.Allerb'd i n t e r s t a d i a l (Godwin 
and W i l l i s , 1959. V/est, 1968) . 
P o l l e n Zone I I I , w i t h a time span of o n l y around 
500 y e a r s (Godwin and J i l l i s , 1959. \?est, 1968) saw 
the a c c u m u l a t i o n of a c o n s i d e r a b l e t h i c k n e s s of c o a r s e 
sediment a t a l l s i t e s . I t v/as a p e r i o d of renev/ed 
s o l i f l u c t i o n and of m.ass movement i n t o the m i r e s , where 
o r g a n i c p r o d u c t i v i t y f e l l . Once a g a i n , the 200 metres 
a l t i t u d i n a l d i f f e r e n c e between the l o w l a n d and upland 
s i t e s , and the e f f e c t of t h i s upon p r o c e s s e s a c t i v e a t 
the time i s shown by the much c o a t s e r s o l i f l u c t i o n c l a y s 
of the moorland m i r e s . The p r e s e n c e of a v a r i e t y of 
a q u a t i c p o l l e n i n t h i s zone i n d i c a t e s t h a t w h i l e the 
c l i m a t e was s e v e r e , the annual p e r i o d of f r e e z i n g over 
of the w a t e r b o d i e s was not enough to i n h i b i t p l a n t 
growth, but i t d i d reduce t h e i r f r e q u e n c y . The h i g h 
b a s e - s t a t u s of the l a k e w a t e r was m a i n t a i n e d by the 
i n w a s h i n g of sediment, w h i l e the s l o p e s m a r g i n a l to 
the m i r e s remained u n s t a b l e and l a r g e l y u n v e g e t a t e d . 
Toward the c l o s e of L a t e - g l a c i a l time, (around the 
Zone I I I / Z o n e I V b o u n d a r y ) , the a c c u m u l a t i o n of 
i n o r g a n i c m a t t e r i n the m i r e s c e a s e d g r a d u a l l y , showing 
t h a t s o l i f l u c t i o n was r e a c h i n g an e f f e c t i v e c o n c l u s i o n 
and t h a t the s l o p e s were becoming markedly more s t a b l e . 
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H y d r o s e r e Development 
H y d r o s e r e development has been d i s c u s s e d 
s e p a r a t e l y f o r e ach s i t e , but g e n e r a l l y some t r e n d s c a n 
be deduced i n t h e i r e v o l u t i o n . 
At oezimer C a r r s and K i l d a l e K a i l open water b o d i e s 
e x i s t e d throughout L a t e - g l a c i a l time. The f l o r a was 
q u i t e i m p o v e r i s h e d e a r l y on, but l a t e r , i n Zones I I and 
I I I PotamoReton was j o i n e d by Nymphaea, Nuphar and 
A 1 i sma; Typha l a t i f o l i a , Sparganium, T i l i p e n d u l a . 
T h a l i c t r u m and j v y d r o c o t y l e were added to C y p e r a c e a e . 
Gramineae and S a l i x i n the f r i n g i n g swamps and poor f e n s . 
The u n h i n d e r e d e v o l u t i o n of t h e s e l a k e s throughout 
L a t e - g l a c i a l time p o i n t s to the e x i s t e n c e of two 
f a c t o r s , ( a ) t h a t the v e g e t a t i o n c o v e r of the s l o p e s was 
t o l e r a n t of i n s t a b i l i t y and (If) t h a t the l a k e f l o r a was 
not a d v e r s e t o renewed s i l t i n g ( c f . the a q u a t i c s and 
h y p n oid mosses p r e s e n t ) . At I ' i l d a l e H a l l the e x t i n c t 
and v e r y r a r e s p e c i e s , P a l u d e l l a s q u a r r o s a and 
Camptothecium n i t e n s amongst the b r y o p h y t e s were j o i n e d 
by a v a r i e t y of m o l l u s c a i n c l u d i n g Limnaea, PsicUvmi and 
P l a n o r b i s i n a b a s e - r i c ^ and r a p i d l y a c c u m u l a t i n g 
Zone I I d e p o s i t . The lowland hydro s e r a i s u c c e s s i o n can 
be c o n t r a s t e d w i t h the s i t u a t i o n s a t T.est House, ."Swe 
C r a g S l a c k and p r o b a b l y T r a n m i r e ?51ack a l s o . Here the 
Zone I I I h y d r o s e r e s show t h a t p a t c h e s of f a i r l y s h a l l o w 
open w a t e r e x i s t e d v/ith a q u i t e poor a q u a t i c f l o r a and 
a s s o c i a t e d swamp and f e n s p e c i e s , r a t h e r s i m i l a r to the 
Zone I c o n d i t i o n s of the lower s i t e s . ilowhere does 
s o l i f l u c t i o n appear to have been s e v e r e enough to c u t 
o f f a l l r e c o r d s of h y d r o s e r a l change, as found, f o r 
example, i n n o r t h e r n Northumberland, ( B a r t l e y , 1 9 6 6 ) . 
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Land V e g e t a t i o n 
The most obvious f e a t u r e of the C l e v e l a n d L a t e -
g l a c i a l p o l l e n r e c o r d i s the dominance to a c r e a t e r 
o r l e s s e r e x t e n t of h erbaceous p o l l e n over t h a t of 
t r e e s and s h r u b s . I n viev/ of the mechanics of the 
p o l l e n sums ( b a s e d on t o t a l p o l l e n ) t h i s i m p l i e s t h a t 
f o r the m a j o r i t y of the time a p r e d o m i n a n t l y open, 
a l m o s t t r e e l e s s landscape e x i s t e d , even d u r i n g the 
A l l e r o d i n t e r s t a d i a l , when Seamer and K i l d a l e f u r n i s h 
e v i d e n c e of s l i g h t l y more abundant t r e e grov/th. 
The absence of pre-Zone T ?! I sediments i n the 
u p l a n d m i r e s i s to some e x t e n t compensated f o r by the 
f a c t t h a t the p o l l e n s p e c t r a f o r the b a s a l c l a y s t h e r e 
a c c o r d w e l l w i t h the Zone IJ.l lowland f l o r a . T r e e s , 
s h r u b s and h e r b s a v a i l a b l e a t S e a n e r and y i l d a l e i n c r e a s e d 
t h e i r f r e n u e n c y i n Zone I I i n d i c a t i n g a l a c k of c o m p e t i t i o n 
between the p l a n t s , a l l w i t h i n the l i m i t s of t h e i r 
c l i m a t i c t o l e r a n c e s , and a v a i l a b l e e i t h e r from v/i t h i n 
the a r e a or from o u t s i d e i t w i t h r e l a t i v e e a s e . 
During Zone I the v e g e t a t i o n a p p e a r s to have been 
p r e d o m i n a n t l y h e r b a c e o u s w i t h a wide v a r i e t y of t a x a 
r e p r e s e n t e d on the p o l l e n d i a g r a n s . XThe open n a t u r e 
of the l a n d s c a p e i s c l e a r l y shown by the assemblage of 
h e l i o p h y t e s , f o r example, Artemi s i a , Chenopodi aceae, 
C r u c i f e r a e , E p i lobium, ^vumex ace t o j a . , ne_lJ^a.nrUi_em^, 
Polemonium, Ga 1 ium, T h a l i c t r x i m and S a x i f r a . q a c e a e . 
G r a s s and sedge p o l l e n dominates the e a r l y 
s p e c t r a , t o g e t h e r rit'-" S a l i x ( p r o b a b l y S. herbacia,.) and 
Be t u l a nana, Some t r e e b i r c h e s "-"ust have e x i s t e d , but 
i t was r i n u s which dominated the a r b o r e a l s e c t o r , i t s 
h i g h and f l u c t u a t i n g p e r c e n t a g e s making i t a s c r i b a b l e 
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w i t h some c o n f i d e n c e to t r a n s p o r t from d i s t a n c e . 
O v e r a l l , i t must have been an open sward, dominated by 
s h o r t t u r f communities on the w e l l d r a i n e d s l o p e s , 
w i t h y.el ianthemum. r,ompo s i t a e , !^ubi_aceae, Botrychium 
and Lycopodiujn spp.; dwarf s h r u b - h e a t h w i t h B e t u l a 
£L«i£ii:» ^ a ^ l i x . J u n i p e r u s , Hippoph'ae and 32PAt^]4!5 '-"^ 
t a l l e r h e r b a c e o u s communities w i t h C a r y o p h y 1 l a c e a e , 
•Fj l i p e n d u l a . ^.umex ac^tos?., rolemonium, Cyperaceae and 
T h a i i ctrum f n ^damper s i t u a t i o n s . 
/ l i s e s i n c e r t a i n p o l l e n f r e q u e n c i e s near to the 
c o n c l u s i o n of Zone I , n o t a b l y those of J u n i p e r u s and 
Hippophae. i n d i c a t e a r i s e i n temperature and the 
b o r d e r l i n e between the s u b - a r c t i c , 'stenpe-ttmdra' of 
the immediate p o s t d e g l a c i a t i o n p e r i o d and the more 
temperate ' p a r k - t u n d r a ' of Zone T i ( I v e r s e n , 1954). 
F o r i t s e x i s t e n c e , Hippophae needs a temperature of 
o v e r 10°C and cannot t o l e r a t e more than a t r a n s i e n t , 
t h i n snow c o v e r (Gams, 1943), w h i l e a l s o seeming to 
r e q u i r e c l i m a t i c and e d a p h i c d r y n e s s (Gams, 1952), 
J u n i p e r u s t h r i v e s on ? snow c o v e r , but f l o w e r s i n 
p r o f u s i o n o n l y when t h i s i s reduced and i t can spread 
beyond the snow p a t c h e s , becoming su p p r e s s e d p.^r.in 
when e i t h e r i n c r e a s e d s n o w f a l l or denser f o r e s t growth 
o c c u r s . 
The v i r g i n s o i l of the L a t e - g l a c i f ; . l p e r i o d had 
as y e t undergone v e r y l i t t l e leac'*ing and was 
everyv/here, even i n the most p c i d environment?;, no more 
t h s n n e u t r a l or s l i g ' - t l y a c i i - - i c i n r e a c t i o n . Indeed 
some a r e s s , b o u l d e r c l a y t r a c t s f o r example, must have 
been q u i t e c a l c a r e o u s h a b i t a t s . 
At the opening of the A l l e r b d i n t e r s t a d i a l , 
160 
i t was the d r i e r c o r v n u n i t i e s which s u f f e r e d most, 
g i v i n g way to p a t c h e s of t r e e b i r c h e s i n f a v o u r e d 
l o c a l i t i e s , w i t h P i n u s perhaps even making an i s o l a t e d 
a p p e a r a n c e . The a b s o l u t e i n c r e a s e i n p o l l e n f r e n u e n c y 
i n Zone I l a , e s p e c i a l l y of Be t u l a , ( e v e n allowing; f o r a 
B e t u l a nana/, t r e e b i r c h o v e r l a p ) , must mean tha t t h e r e 
was an i n c r e a s e i n t r s e b i r c h c o v e r . One of the n o s t 
s i g n i f i c a n t i n d i c a t o r s of te-nperapture i n c r e a s e s i n 
L a t e - g l a c i a l times i s a r i s e i n T i 1 i p e n d u l a v a l u e s 
( I v e r s e n , 1 9 5 4 ) , and t h i s o c c u r s i n Zone I I i n 
C l e v e l a n d . A l s o i n Zone I I many of the herb cof^o^unities 
of Zone I extended, becoming more w e l l developed i f 
somewhat l e s s dominant a s s l o p e s s t a b i l i z e d , s o i l 
c o n d i t i o n s improved and o r g a n i c m a t t e r began to 
a c c u r n u l a t e . Both L a t e - g l a c i a l diagrams show a double 
B e t u l a maximum w i t h i n Zone I I (Zones I l a and T i c ) 
i n d i c a t i n g tv/o a m e l i o r a t i o n s s e p a r a t e d by a r e c e s s i o n 
( l i b ) , when s i l t w a s n o v e d once a g a i n i n t o the m i r e s . 
I n the warmer p e r i o d s ' the summer maximiim temperature 
must have been about 12°C which i s the minimum sumTier 
v a l u e f o r t r e e b i r c b growth ( I v e r s e n , 1954) , J'anley 
(1953,1959) has made e s t i m a t e s of A l l e r o d t e m p e r a t u r e s 
f o r n o r t h e r n B r i t a i n , i n d i c a t i n g a summer maximum of 
o v e r 10°C f o r the A l l e r o d , At the c o n c l u s i o n of Zone 
l i b , when t h e r e had been some e x t e n s i o n , perhaps 
l o c a l l y , of h erbaceous communities a g a i n , r i s e s i n 
f r e q u e n c y of J u n i p e r u s and Hippophae suggest the p a s s i n g 
of the t r e e l i n e i n the a r e a and the s t a r t of 7one l i e . 
I n t h i s p a r t of the A l l e r o d b i r c h woodland was b e s t 
d e v e l o p e d , w i t h perhaps some p i n e a.lso. The 'park-
t u n d r a ' of I v e r s e n (1954) must have been approached, 
p a t c h e s of b i r c h woodland grov/ing c l o s e to the m i r e s 
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on s h e l t e r e d , south f a c i n g s l o p e s , a s i t u a t i o n 
e n v i s a g e d by Blackbv.rn ( 1952) a t Keasham, and "ewey 
(1970) a t C o r s t o r p h i n e . I n the 1,200 or r-o y e a r s of 
the An.erod i n t e r s t a d i a l (Godwin and V / i l l i s , 1959), 
a p a r t from e x t e n s i o n s of t r e e growth, c l o s e d g r a s s l a n d 
o c c u p i e d d r i e r s l o p e s and dam.p h o l l o w s vvtiile f e n cO'->nuni t i e s 
made up the m a j o r i t y of the r e f r a i n i n g l a n d s c a p e . 
T h i s s i t u a t i o n was e f f e c t i v e l y d i s r u p t e d d u r i n g 
the 500 or so y e a r s of the s u c c e e d i n g p e r i o d . Zone I I I , 
(Godwin and W i l l i s , 1 9 5 9 ) . The performance of B e t u l a 
d e t e r i o r a t e d , i n d i c a t i n g a l o w e r i n g of t e m p e r a t u r e s , 
s u f f i c i e n t to produce mass movement and f r o z e n ground, 
w i t h a r e t u r n to u n s t a b l e and r a p i d l y changing p l a n t 
c o m m u n i t i e s . T h e r e i s no e v i d e n c e f o r any g l a c i e r 
f o r m a t i o n and readvance i n the r e g i o n , such as o c c u r r e d 
i n n o r t h - w e s t E n g l a n d i n Zone I I I (I>"anley, 1959), where 
a f a l l i n t e m p e r a t u r e of 9°E i n a r e a s w i t h over 70 
i n c h e s of r a i n per annum was s u f f i c i e n t to produce such 
c o n d i t i o n s . The North Y o r k s h i r e MOOTS, never a c e n t r e 
of g l a c i a t i o n i n the P l e i s t o c e n e , c o u l d not have f u l f i l l e d 
t h e s e r e q u i r e m e n t s (Gregory, 1962) . .Although c o n d i t i o n s 
i n C l e v e l a n d must have been a good d e a l l e s s s e v e r e than 
around the L a k e l a n d F e l l s , t h e r e i s no doubt t h a t the 
v e g e t a t i o n became open once a g a i n and t h a t t r e e growth 
was not s u c c e s s f u l . F i g h v a l u e s f o r Pi_nus p o l l e n c a n 
once a g a i n be a t t r i b u t e d to movement over long d i s t a n c e s 
i n a l8.ndscape s u i t e d to such t r a n s p o r t (Tauber, 1 9 6 5 ) . 
Dwarf shrub and heath communities dominated a g a i n w i t h 
B e t u l a nana, S a l i x , J u n i p e r u s , Hipi?ophae, ^petrimp, 
A r t e m i s i a and Rumex a c e t o s a i m p o r t a n t ; Grgunineae and 
C y p e r a c e a e expanding i n t o a r e a s f o r m e r l y o c c u p i e d by 
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b i r c h woodland and c l o s e d g r a s s l a n d . A s i n g l e 
o c c u r r e n c e of Ephedra d i s t a c ^ y a w i t h i t s l i k i n g f o r 
a ste-^pe l i k e c l i m a t e and b a s i c s u b s t r a t e , and r e c o r d s 
f o r A r m e r i a and S a x i f r a g a c e a e emphasize the i n s t a b i l i t y 
and r e - a s s o r t m e n t of p l a n t communities t h a t took p l a c e . 
-i)mpetrum heath was i m p o r t a n t , but l o c a l i z e d on the 
s a n d i e r d r i f t and t h i n upland s o i l s which p r o v i d e d a 
s u i t a b l e base-poor h a b i t a t f o r i t s e x t e n s i o n . 
T.'ie i m p o v e r i s h e d mire f l o r a of t h i s period. wa,s 
matched by t h a t of t h e i r f r i n g i n g swajnps and f e n s . 
Near to the Zone I V t r a n s i t i o n , o r g a n i c m a t t e r began to 
a c c u m u l a t e a t a l l s i t e s , but o n l y a t Sear^er C a r r s d i d 
J u n i p e r u s show i t s c h a r a c t e r i s t i c e x t e n s i o n as the 
f o r e r u n n e r of c l o s e d f o r e s t . !illsewhere the L a t e - g l a c i a l 
components d i s a p p e a r e d s l o w l y as they became shaded out 
by r e c o v e r i n g B e t u l a woodland; o r , more corrmonly, w i t h 
the c e s s a t i o n of s o l i f l u c t i o n and the s t a b i l i z a t i o n of 
s l o p e s , a mosa.ic of communities r i c > i n shrubs and h e r b s 
i n a s t a t e of imbalance, and c o n t a i n i n g l i t t l e c l o s e d 
woodland, s e n s u s t r i c t u , took over i n the d a l e s and on 
the moorlands, w h i l e a c l o s e d f o r e s t , m a i n l y composed 
°^ B e t u l a , began to c o l o n i z e the lowlands 
4.2 The P o s t - G l a c i a l P e r i o d 
( a) The P e r i o d of F o r e s t "Cstavbl i shment 
The purpose^of t h i s s e c t i o n i s to d e s c r i b e the 
e n v i r o n m e n t a l changes t h a t o c c u r r e d from the time of 
the i n i t i a t i o n of a f o r e s t c o v e r (Zone I V ) , through 
i t s development and maximum e x t e n s i o n (Zones V, VI and 
V i l a ) , u n t i l the f i r s t c o n c e r t e d a t t e m p t s at i t s 
d i s r u p t i o n ( e a r l y Zones V l l b and V I I I ) . 
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ChronoloRv 
The f i v e s i t e s p r o v i d e evi'-'ence f o r these s t a g e s , 
but T r a n m i r e S l a c k i s r e s t r i c t e d to inform.ation from 
l a t e r ^>oreal time onward. The p o l l e n diagrams, 
i n d e p e n d e n t l y zoned a c c o r d i n g to Godwin's (1956) 
scheme f o r /Sngland and Wales, a r e based on the r e l a t i v e 
abundance of a l l t y p e s of t r e e p o l l e n , a s a t o t a l t r e e 
p o l l e n sum (page 6 2 ) , A l n u s and B e t u l a a r e c o n s i d e r e d 
to have been l i k e l y to have p l a y e d s i g n i f i c a n t r o l e s 
i n h y d r o s e r e development and a r e i n t e r p r e t e d w i t h t h i s 
i n mind, r a d i o c a r b o n date of 4,70C B.C. f o r the 
B o r e a l / A t l a n t i c t r a n s i t i o n a t '7est House, has been 
o b t a i n e d , and, when t a k e n i n c o n j u n c t i o n v/ith the 
r a d i o c a r b o n a s s a y from K i l d a l e !->.n of 8,4rO '^.C, f o r 
e a r l y f-'^oreal time (assuming s l i g h t e r r o r s i n each, due 
p r o b a b l y to s a m p l i n g ) , a t e n t a t i v e 'normal' time s c a l e 
f o r B o r e a l time i n C l e v e l a n d can be assumed. 
The L a n d s c a p e 
Over the m a j o r i t y of the r e g i o n , the c e s s a t i o n 
of s o l i f l u c t i o n and the e s t a b l i s h m e n t of some form, of 
c o n t i n u o u s v e g e t a t i o n c o v e r , r e d u c e d s o i l d i s t u r b a n c e 
to a minimum and l e d to the g r a d u a l a c c u m u l a t i o n of 
o r g a n i c m a t t e r and the development of s o i l p r o f i l e s . 
The r e l a t i v e p o s i t i o n s of l a n d and s e a i n e a s t e r n 
E n g l a n d remained f a i r l y c o n s t a n t i n e a r l y " o r e a l tim.e, 
w i t h the F o r t h Sea p r e d o m i n a n t l y l a n d south of a l i n e 
e x t e n d i n g from mid-way between the p r e s e n t T e e s and 
Humber e s t u a r i e s a c r o s s to S c a n d i n a v i a (Godwin, 1956. 
J e l g e r s m a , 1 9 6 1 ) . An e f f e c t i v e m i g r a t o r y r o u t e f o r 
p l a n t s was t h e r e f o r e m a i n t a i n e d , and o p e r a t e d a l o n g 
w i t h the lowland c o r r i d o r s u n t i l l a t e r B o r e a l time when 
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e u s t a t i c r i s e i n s e a l e v e l and t e c t o n i c downwarping 
of the -Torth S e a b a s i n c a u s e d the submergence of the 
" l a n d b r i d g e " s e p a r a t i n g B r i t a i n from the C o n t i n e n t . 
The e x t e n s i o n of oceans r e s u l t i n g from t h i s must have 
been a f a c t o r i n the hixmidity changes a t the r i o r e a l / 
A t l a n t i c t r a n s i t i o n ; w i t h many low l y i n r a r e a s 
f l o o d e d by the t r a n s g r e s s i o n a l o n g the n o r t h - e a s t c o a s t 
of E n g l a n d a i d i n g the t r e n d towards i n c r e a s i n g wetness 
i n the environment, 
H y d r o s e r e Development 
The e a r l y P o s t - g l a c i a l p e r i o d saw l i t t l e 
p a r a l l e l i s m i n the h y d r o s e r a l development of the s i t e s , 
e a c h being a f f e c t e d l a r g e l y by l o c a l c o n d i t i o n s . The 
l a r g e and deep ^>eamer C a r r s l a k e was accompanied by a 
s m a l l e r , s h a l l o w e r one a t I ' i l d a l e H a l l . Both had a 
h i g h p r o d u c t i v i t y and a n u i t e l u x u r i a n t a q u a t i c f l o r a , 
t o g e t h e r w i t h r e a s o n a b l y w e l l developed f r i n g i n g 
reedswamp and f e n communities. E u t r o p h i c c o n d i t i o n s were 
m a i n t a i n e d a t both, v/ith open w a t e r a t Seamer throughout 
the p e r i o d , the K i l d a l e l a k e d r y i n g up i n the l a t e B o r e a l 
to be r e p l a c e d by a base r i c h f e n c a r r , w i t h P i n u s 
upon i t a t one s t a g e . T e s t Fou.se too had open w a t e r i n 
e a r l y "3oreal time, but t h i s was r e p l a c e d by Phra.qmi t e s 
swamp and l a t e r by a f e n c a r r , a g a i n w i t h P i n u s as a 
c o n s t i t u e n t i n the l a t e r s t a g e s of B o r e a l time. 
S i m i l a r s i t u a t i o n s e x i s t e d i n the channel m i r e s , w i t h 
'Cwe Crag S l a c k dominated by a f e n c a r r , and Tr a n m i r e 
S l a c k (once the stream c o u r s e had been choked by bog 
growth) h a v i n g p a t c h e s of open w a t e r u n t i l the l a t e 
B o r e a l . The opening of the A t l a n t i c p e r i o d saw a 
r e v e r s a l r a t h e r than a l o g i c a l p r o g r e s s i o n of h y d r o s e r a l 
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s u c c e s s i o n a t Ewe Crag S l a c k and a t 'Jest Touse. 
Here C a r e x dominated reedswamps developed and 
became p r o g r e s s i v e l y more a c i d i c . These must have been 
i n i t i a t e d by r i s i n g w a t e r t a b l e s ( w h i c h l e d to a f e n 
c a r r development a t I ' i l d a l e H a l l and T r a n m i r e ) . The 
amount of base-poor d r a i n a g e w a t e r e n t e r i n g the m i r e s 
i n c r e a s e d as s o i l l e a c h i n g on the s u r r o u n d i n g s l o p e s 
became v/el 1 advanced. 
R e g i o n a l V e g e t a t i o n a l y i s t o r y 
The c l i m a t i c a m e l i o r a t i o n which began towards the 
c l o s e of L a t e - g l a c i a l time i s i n d i c a t e d by a number of 
f a c t o r s . A p a r t from the end of i n o r g a n i c m a t t e r 
a c c u m u l a t i o n i n the m i r e s i n d i c a t i n g the c o n c l u s i o n of 
l a r g e s c a l e mass movement and the e s t a b l i s h m e n t of more 
s t a b l e s l o p e s ; c o n t i n u a t i o n s i n the r i s e s of the 
F i l i p e n d u l a c u r v e s over the r e g i o n , accompanied by 
v a r i e d r a t e s of e x t e n s i o n of b i r c h dominated woodlands, 
show t h a t f o r the f i r s t time s i n c e the .lllerb'd 
i n t e r s t a d i a l t e m p e r a t u r e s had once a g a i n r e a c h e d a 
summer maximum of 10°-12°C. C e r t a i n c h a r a c t e r i s t i c 
L a t e - g l a c i a l h e l i o p h y t e s were shaded out n u i c k l y by the 
c o l o n i z i n g b i r c h f o r e s t s , e s p e c i a l l y a t lower a l t i t u d e s . 
No e v i d e n c e e x i s t s from m a c r o - f o s s i l s to prove t h a t 
P i n u s was a f o r e s t component ^.t t h i s time, but i t s 
p o l l e n c u r v e s a r e more c o n s i s t e n t and the c l i m a t e s h o u l d 
not have been such as to p r e c l u d e i t s e x t e n s i o n . Some 
of the temper a t u r e ' i n d i c a t o r ' c u r v e s ( e . g . t h a t f o r 
F i l i p e n d u l a ) suggest t h a t g e n e r a l l y , c l i m a t i c a m e l i o r a t i o n 
was so r a p i d t h a t f o r e s t development c o u l d not keep pace 
w i t h i t . The C l e v e l a n d P l a i n , where a l a t e Zone I I I 
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J u n i p e r u s maximum, i n d i c a t e s the p r o x i m i t y of the 
t r e e - l i n e , and i t s subsequent e x t i n c t i o n the p a s s i n g 
of the same, e x p e r i e n c e d a r a p i d and comprehensive 
c o l o n i z a t i o n by c l o s e d 8 e t u l a f o r e s t s e a r l y i n the 
P r e - b o r e a l p e r i o d . T h i s e m u l a t e s the p a t t e r n of 
change a t S t a r C a r r (Godwin and ..'alker, 1954) and a t 
T a d c a s t e r ( B a r t l e y , 1962), i n the e a s t e r n E n g l i s h 
l o w l a n d s to the south of C l e v e l a n d . 
B e t u l a i s an a d a p t a b l e , p i o n e e r i n g s p e c i e s w i t h 
a r a p i d d i s p e r s a l r a t e due to i t s ntamerous, l i g h t s e e d s , 
and t h e r e i s l i t t l e doubt (from m a c r o s c o p i c remains 
e v i d e n c e ) , t h a t the most impo r t a n t s p e c i e s i n the 
P o s t - g l a c i a l f o r e s t p e r i o d was B. pubescens. 
I n the lowlands o n l y i n s m a l l a r e a s between the 
edges of the f o r e s t s and the m i r e s d i d open communities 
remain, S a l i x doing w e l l on the b a s e - r i c h s o i l s , t o g e t h e r 
w i t h C y p e r a c e a e . U m b e l l i f e r a e . C a r y o p h y 1 l a c e a e . l u b i a c e a e 
and R o s a c e a e . 
I n the d a l e s , and on the moorland, the accumulated 
e v i d e n c e from K i l d a l e H a l l , '.Vest House and Ewe Crag S l a c k 
i n d i c a t e s open c o n d i t i o n s over much of the a r e a d u r i n g 
Zones I V and V. A t i m e - l a g i n the a r r i v a l of 
c o l o n i z i n g s p e c i e s a t the h i g h e r a l t i t u d e s , t o g e t h e r v/ith 
l o c a l e d a p h i c f a c t o r s i n f l u e n c e d the type of v e g e t a t i o n 
p r e s e n t h e r e . Some c l o s e d B e t u l a f o r e s t developed i n 
f a v o u r e d l o c a l i t i e s , but i n o t h e r a r e a s , around K i l d a l e 
H a l l , f o r example, .^ipetr\im heath was im p o r t a n t . The 
p r e s e n c e of ISS£S.tDlSl h e a t h has been i n t e r p r e t e d as an 
i n d i c a t i o n of an o c e a n i c c l i m a t e ( J e s s e n , 1949. 
Smi t h , 1 9 6 1 a ) . I n C l e v e l a n d , e d a p h i c f a c t o r s , 
p a r t i c u l a r l y sandy s o i l s must have c o n t r i b u t e d to the 
maintenance of such communities, i n t o which b i r c h t r e e s 
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were unable to expand. I t may have been tha t i n 
t h e s e s i t u a t i o n s the temperature was not s u f f i c i e n t l y 
h i g h to p e r m i t e x t e n s i v e c o l o n i z a t i o n by b i r c h . 
T h i s f a c t o r may perhaps be extended to i n c l u d e C o r y l u s , 
which, immigrated i n Zone I V , and a l s o f a c e d w i t h open 
b a b i t a t s w h i c h i t l i k e s to c o l o n i z e , f a i l e d to do so. 
T h i s i.mplies t h a t t e m p e r a t u r e s were belov/ 15°C i n the 
u p l a n d s a t t.'^is time ( t h e minimum summer mean needed 
f o r the r a p i d e x t e n s i o n of C o r y l u s ) . The dela.yed 
F i 1 ipend.ula maxima at K i l d a l e H a l l and V e s t " ouse may 
r e f l e c t s i m i l a r c o n d i t i o n s , the deep K i l d a l e v a l l e y may 
have been s u s c e p t i b l e to l a t e f r o s t s which in'.ubited 
good t r e e g e n e r a t i o n i n a f r o s t h o l l o w s i t u a t i o n . 
B a r t l e y (1966) has i n v o k e ^ exposure to e x p l a i n the 
p e r s i s t e n c e of open h a b i t a t s i n some p a r t s of n o r t h e r n 
Northiimberland a t t h i s time. The s i t u a t i o n i n upland 
C l e v e l a n d must have been q u i t e s i m i l a r , w i t h open 
canopy b i r c h v/oods w i t h f i r s t S a l i x , l a t e r w i t h C o r y l u s 
a l o n g t h e i r m argins, accompanied by Bmpetriim h e a t h s on 
the a c i d s o i l s and c a l c a r e o u s g r a s s l a n d communities on 
the b a s e - r i c h and l e s s s t a b l e s l o p e s . 
Behre (19 6 ? ) has s u g g e s t e d t h a t v/i t h i n Zone IV 
t h e r e was a c l i m a t i c o s c i l l a t i o n w i t h f o r e s t e d 
c o n d i t i o n s b e i n g r e p l a c e d by more open h a b i t a t s and 
t h e s e r e v e r t i n g to f o r e s t s once a g a i n . The rliagrams 
f o r u p l a n d C l e v e l a n d a.re c o m p l i c a t e d by the f a c t t h a t 
c o n d i t i o n s were g e n e r a l l y open anyv/ay i n Zone I V , but 
Seamer C a r r s does show a s m a l l e x p a n s i o n of herbaceous 
t y p e s , e s p e c i a l l y of -'llnpe trum a t t h i s time, v/hen b i r c h 
f o r e s t s had developed around t h a t a r e a . 
The f i r s t r e c o r d s f o r Ulmus and ^ u e r c u s ( l a t e 
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Zone I V and e a r l y Zone V ) , show t h a t these t r e e s i - m i g r p t e d 
e a r l y on and found s u i t a b l e h a b i t a t s i n v/hich to become 
e s t a b l i s h e d . The upland diagrams r e c o r d s p r o b a b l y 
r e p r e s e n t g r a i n s of ITlmus and Quercus brought through 
the open canopy environment of the v e r y e a r l y P o s t -
g l a c i a l p e r i o d . I t i s h a r d l y l i k e l y t h a t i n the f a c e 
of the f a i l u r e of ' l e t u l a to c o l o n i z e , more e c o l o g i c a l l y 
demanding IHmus and sue r e u s would form a n y t h i n g more 
than v e r y i s o l a t e d s t a n d s . L a t e r i n Zone V t\TO 
s i g n i f i c a n t t r e n d s took p l a c e i n the v e g e t a t i o n a l 
s u c c e s s i o n . Now the o v e r a l l dominance of B e t u l a began 
to wane; the lowland f o r e s t s b e i n g supplemented by 
i n c r e a s i n g numbers of Ulmus and '^uercus as w e l l a s P i n u s 
and C o r y l u s , the uplands becoming c o v e r e d by a P i n u s -
C o r y l u s a s s o c i a t i o n . The l o w l a n d s appear to have 
r e c e i v e d t h e i r f i r s t complements of elm and oak a t 
about the same time, w i t h the former a b l e to e s t a b l i s h 
more r a p i d l y than the l a t t e r . 
The opening of Zone V I , around 7,000 13.C. (Godwin, 
' J a l k e r and . W i l l i s , 1957), saw t h e s e t r e n d s h a s t e n e d , 
w i t h the u p l a n d s becoming c o v e r e d f o r the f i r s t time 
w i t h a r e a s o n a b l y c l o s e d f o r e s t c o m m u n i t y . The 
b e h a v i o u r of C o r y l u s can be used as an index of c l i m a t i c 
c o n d i t i o n s a t t h i s , time, i t s g r e a t e x t e n s i o n everywhere 
i n d i c a t i n g a complete l a c k of c l i m a t i c i n h i b i t i o n , and 
a summer maximum temperature of a t l e a s t 15°C, a s w e l l 
as d r y c o n d i t i o n s and the absence of l a t e s p r i n g f r o s t s . 
The e x p a n s i o n of Ulmus i n Zone V i a corresponded 
w i t h the r e d u c t i o n i n B e t u l a on the b e s t s o i l s of the 
l o w l a n d s ; w h i l e i n the u p l a n d s a much more powerful 
complex of f a c t o r s were i n t e r a c t i n g to g i v e an up to 
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80% P i n u s dominated, f o r e s t e d l a n d s c a p e . There can 
be no doubt t h a t I-'inus was an impor t a n t c o n s t i t u e n t 
of the lowland f o r e s t s a t t h i s time (Godwin and t a l k e r , 
1 9 5 4 ) , t a k i n g up s u i t a b l e sandy s o i l s t h e r e . However, 
as shown a t Seamer C a r r s , throughout Zone V I there was 
a w e l l e s t a b l i s h e d c l o s e d canopy f o r e s t of Ulmus. 
Q u e r c u s , 3 e t u l a and C o r y l u s w i t h o n l y minor r e a d j u s t m e n t s 
t a k i n g p l a p e i n community s t r u c t u r e . P i n u s i s a 
p i o n e e r s p e c i e s w i t h wide c l i m a t i c and edaphic 
t o l e r a n c e s , but most f a v o u r i n g a d r y c l i m a t e and an 
a c i d s o i l . I t has mobile s e e d s and t h e r e f o r e 
a d v a n t a g e s o v e r s l o w e r s e e d i n g s p e c i e s such a s t:uercus. 
w h i c h too must have been a t t r a c t e d to the open 
c o n d i t i o n s and sandy s o i l s of the C l e v e l a n d moors i n 
B o r e a l time. The e x t e n t of the P i n u s f o r e s t was 
l i m i t e d , w i t h i t s lower boundary somewhere between 
Seamer (70 m e t r e s O..:.) and K i l d a l e H a l l (170 metres O.D.). 
The p o l l e n diagrams and mire s t r a t i g r a p h y shov/ t h a t d u r i n g 
B o r e a l time P i n u s even extended a c r o s s some of the bog 
s u r f a c e s . P i n u s c a s t s a deep shade, and i s not e a s i l y 
r e p l a c e d by an u n d e r s t o r e y , so the C o r y l u s component of 
t h e s e f o r e s t s must have o c c u r r e d i n m a r g i n a l and perhaps 
more f a v o u r e d h a b i t a t s , such a s damp h o l l o w s or v a l l e y 
s i d e s . I t i s q u i t e common a t p r e s e n t to f i n d .uercus 
r o b u r , Ulmus and l e t u l a a t lower a l t i t u r e s , succeeded 
by P i n u s woods a t around 350 me t r e s and t h i s r e p l a c e d 
a t h i g h e r e l e v a t i o n s by ^ e t j i ^ l a s c r u b ( T a n s l e y , 1939) . 
B e t u l a d i s a p p e a r e d on the North C l e v e l a n d I.'oors because 
i t was shaded out by P i n u s s t a n d s , t a k i n g up a p l a c e 
p e r i p h e r a l to them t o g e t h e r w i t h C o r y l u s and Quercus 
p e t r e a e a s the most important f o r e s t components. 
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Zone V I saw Acinus become e s t a b l i s h e d i n 
C l e v e l a n d . ''^rdtman {192G) c o r r e l a t e d t h i s w i t h 
the t r e e ' s prominence i n f o r e s t h i s t o r i e s of c o u n t r i e s 
a l o n g the sout'^^^ern sbore of the North Sea a t t h i s t i - ^ e , 
and the c o n t i n u e d p r e s e n c e of the " l a n d b r i d g e " 
between T ^ r i t a i n and the C o n t i n e n t , l e a d i n g to a. nore 
r a p i d and e a r l y s pread of A l n u s a l o n g the e a s t c o a s t 
of B r i t a i n t h a n a l o n g the w e s t . The maximvun 
e x t e n s i o n of A l n u s d i d not bef^in v m t i l l a t e i n the 
B o r e a l (Zone V i c ) a n d , e a r l y i n the A t l a n t i c (Zone V i l a ) 
when P i n u s - C o r y l u s c'^oiminance was di sa^^pearinp on the 
u p l a n d s and "^uercus and Ulmus had e s t a b l i s h e d as the 
most imp o r t a n t c o n s t i t u e n t s of the lowland f o r e s t s . 
E r d t n a n a l s o suggested t h a t the Alnus r i s e c o n t r i b u t e d 
t o the s u p p r e s s i o n of the P i n u s curve a t t h i s time, but 
i t i s more l i k e l y t h a t A l n u s r e p l a c e d B e t u l a ( w h i c h 
a l s o d e c l i n e d ) i n the damper h a b i t a t s a s s o i l s became 
w a t e r l o g g e d and a c i d i c . A l s o A l n u s must have been 
c o m p e t i t i v e i n o t h e r h a b i t a t s ; the da^iper elements of 
the l o w l a n d oak and elm f o r e s t s and the mire f r i n g e s , 
f o r example, v;ould have been i d e a l s i t e s f o r r a p i d 
c o l o n i z a t i o n . The s p r e a d of .iMnus i n the e a r l y 
A t l a n t i c , and the a s s o c i a t e d development of c l o s e d 
d e c i d u o u s f o r e s t s i n both u p l a n d and lowland C l e v e l a n d , 
w i t h ^ u e j r c u s , y_hmis, 3 e t u l a , T i l i a and F r a x i n u s 
dominating, c a n be e x p l a i n e d l a r g e l y by the c l i m a t i c anc'. 
e d a p h i c r e o u i r e m e n t s of t h e s e t r e e s . A l n u s cannot 
t o l e r a t e c o l d , e s p e c i a l l y l a t e f r o s t s , and needs 
abundant s o i l n o i s t u r e f o r maximum e x t e n s i o n (Mcvean, 
1953, 1 9 5 6 a ) . u e r c u s must have a J u l y "lean of over 
13°C, w h i l e the p r e s e n c e of "^edera i n d i c a t e s t h a t 
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w i n t e r means were above 1.5°C and o c e a n i c c o n d i t i o n s 
e x i s t e d i n the A t l a n t i c p e r i o d . 
Godwin (1956) c o n s i d e r s the e a r l y p a r t of 
A t l a n t i c time as the ' C l i m a t i c Optimum', w i t h h i g h 
t e m p e r a t u r e s and a m o i s t c l i m a t e s u p p o r t i n g a ' c l i m a x ' 
type deciduous f o r e s t c o v e r . I n C l e v e l a n d , 
t e m p e r a t u r e s had been a r i e l i o r a t ing s i n c e the end of 
L a t e - g l a c i a l time, w i t h the l a t e B o r e a l p e r i o d one 
of jTieiximum dryne s s . P r e c i p i t a t i o n on the o t h e r hand 
does not seem to have i n c r e a s e d u n t i l around the t i n e 
of the B o r e a l / A t l a n t i c t r a n s i t i o n ( c i r c a 4,7"^ ;^ ^ iJ.C. 
a t './est House) . Throughout Tioreal time normal 
c l i m a t i c e l e m e n t s were i n o p e r a t i o n , w i t h s o i l l e a c h i n g 
p r o g r e s s i n g ; but i t was the i n c r e a s e d o c e a n i t y t h a t 
r e s u l t e d from B r i t a i n ' s s e p a r a t i o n from Europe about 
t h i s time which most i n f l u e n c e d the h y d r o l o j ^ i c a l c y c l e . 
I n c r e a s e d p r e c i p i t a t i o n c a u s e d r i s e s i n water t a b l e s 
w i t h a c i d i c s o i l s d e v e l o p i n g , and a t many h i g h e r 
l o c p l i t i e s t h i s soon l e d to the i n c e p t i o n of bl?.n'-.et 
p e r t f o r m a t i o n and sope d e s t r u c t i o n by t h i s of f o r e s t 
c o v e r . I n C l e v e l a n d , '-•hi l e no b l a n k e t peat for'-er, 
t ^ e e f f e c t s of tVese j ^ r o c e s s e s on the nij:ed oa'' f o r ' i s t s 
of both lov/land and upland. T i u s t have been c o n s i d e r r b l e . 
Human I n f 1 uence or. the Lanr!.scape c-iirinp; the " o r e a l ?nd 
A t l a n t i c P e r i o d s 
U n t i l c o m p a r a t i v e l y r e c e n t l y , the view was h e l d 
t h a t V e s o l i t h i c . m a n was dominated by h i s environment 
( I v e r s e n , 1949 . •..odwin, 1956) . i.owever, the l i n d i n g s 
i n p o l l e n a n a l y t i c a l s t u d i e s of pre J u b - b o r e a l d e p o s i t s 
of e v i d e n c e of hunan a c t i v i t y ( -irableby, 1962. .iimmons, 
1964, 1 9 6 9 a ) , has l e d to a r e t h i n k i n g of e s t a b l i s h e d 
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c o n c e p t s , n o t a b l y by Srait.' ( 1 9 7 0 ) . 
I n n o r t h - e a s t " r o r k s h i r e , .-imbleby ( 1 9 6 2 ) , 
iaimmons (1969a) and oirtmons. and C u n d i l l ( 1 9 6 9 ) , 
have o u t l i n e d p o s s i b l e i / e s o l i t h i c i n f l u e n c e s i n the 
la n d s c a p e of the h i g h e r moorla.nd, r e l a t i n g t h i s 
a c t i v i t y to the . - . t l a n t i c p e r i o d . T h i s a c c o r d s 
v/ith a r c h a e o l o g i c a l e v i d e n c e t h e r e of l a t e I . ' e s o l i t h i c 
a r t i f a c t s ( H a d l e y , 1969), and has been r e l a t e d to 
f o r e s t clear?.r:ces and blr.nket peat growth. 
POT C l e v e l a n d , Searv^er Cr.rrs shows no 
p a l y n o l o g i c a l or o t h e r e v i d e n c e of such e a r l y nan; 
not r e a l l y s u r p r i s i n g i n vie w of the p r e v a i l i n g d e n s e l y 
f o r e s t e d l a n d s c a p e of the lowl a n d s a t t h i s time, a 
h a b i t a t which i t i s known M e s o l i t h i c p e o p l e s d i d not 
f a v o u r . At J t a r CS.TT n e a r Scarborough ( C l a r k , 1954) , 
i n a lowland s i t u a t i o n w i t h almost i d e n t i c a l v e g e t a t i o n , 
a. m r j o r c u l t u r a l ^roup e x i s t e d i n the e a r l y 'boreal p e r i o d . 
T h i s c u l t u r e h a s been a s c r i b e d to a form t r a n s i t i o n a l 
between T'pper P a l a e o l i t h i c and ^ ' e s o l i t h i c , and the 
r e a s o n s f o r i t s e x i s t e n c e may have been the p r e s e n c e 
of a f a v o u r a b l e , l a r g e , open, l a r ^ e - s i d e c a j 5 i p i n g s i t e 
c l o s e to the c o a s t a l a r e a to which they came from 
S c a n d i n a v i a , a c r o s s the " l a n d b r i d g e " . 
S t r a t i g r a p h i c a l and p a l y n o l o g i c a l e v i d e n c e , 
t o g e t h e r w i t h a r a d i o c a r b o n date of 8,<:00 B.C. f o r 
e a r l y P o s t - g l a c i a l a c t i v i t y a t I ' i l d a l e 'Zs.ll, has 
p r o v i d e d some e v i d e n c e of " ' e s o l i t h i c a c t i v i t i e s i n 
B o r e a l time i n C l e v e l a n d . The s m a l l l a k e and the open 
h a b i t a t s s u r r o u n d i n g i t i n K i l d a l e must have s e r v e d as 
a w a t e r i n g and browsing a r e a f o r a n i m a l s such a s the 
R e i n d e e r (T^anpifer t a r a n d u s ) , Red-deer ( C e r v u s e l a p h u s ) 
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and the Auixjchs (Bos p r i r i g e n i u s ) , the remains of a? 1 of 
w h i c h have been r e c o v e r e d around the i ' i l d a l e ^ ^ a l l s i t e . 
The p o l l e n r e c o r d froT. the l e v e l s of the Bos bones and 
t h e i r a s s o c i a t e d c h a r c o a l , i n d i c a t e s an age of around 
l a t e Zone I V or e a r l y Zone V. There appears to be 
some r e d u c t i o n i n the t r e e c o v e r , and e x p a n s i o n s of 
C o r y l u s . Grajnineae . ".".osaceae , relampyrum. A r t e m i s i a 
and '^umex a c e t o s a f o l l o w t h i s , w i t h a s u g g e s t i o n of the 
u s e of f i r e to f l u s h out game or make sma.l i c l e a r i n g s . 
•^imbleby ( 1962) p o i n t s out t h a t the e f f e c t s of 
^ ' ' e s o l i t h i c man c o u l d have been q u i t e major i n s p i t e of 
h i s s m a l l numbers. H i s use of f i r e was bound to have 
been i n d i s c r i m i n a t e as he had no means of c o n t r o l l i n g 
i t a,t a time when both v e g e t a t i o n ( b i r c h / p i n e ) and 
c l i m a t e (warm, and dry) were c o n d u c i v e to i t s u t i l i z a t i o n . 
The " t a r C a r r p o l l e n diagram (Godwin and '^rlker, 1954) 
shows t'^at a t the o c c u p a t i o n l e v e l ( t h e Zone IV/V 
b o u n d a r y ) , the C o r y l u s c u r v e began to r i s e and was 
f o l l o w e d by a temporary d e c l i n e i n ' f e t u l a . C h a r c o a l , 
f l i n t s , s i l t , b i r c h bark and h a z e l n u t s v/ere found a t 
t h e s e l e v e l s a l s o . 
A c o m p a r i s o n of S t a r C a r r w i t h the K i l d a l e s i t e 
shows t h a t even i n the absence of a r t i f a c t s a t the 
l a t t e r , some s i m i l a r i t i e s e x i s t . K i l d a l e H a l l ao-^ears 
to have been a s m a l l f o c a l p o i n t to which J ' e s o l i t h i c 
man e i t h e r drove game by u s i n g f i r i n g t e c h n i q u e s , or 
u s e d the s i t e . a s one where the p r o d u c t s of h u n t i n g 
were k i l l e d and consumed a t a temporary cajnp s i t e . 
The mixed, open v e g e t a t i o n w i t h s c a n t y b i r c h f o r e s t s 
and g r a s s y h e a t h l a n d was i d e a l f o r the c o - e x i s t e n c e of 
v a r i o u s r u m i n a n t s and man h i m s e l f . Bos and C e r v u s a r e 
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the n a t u r a l woodland h a b i t a t s u c c e s s o r s to ^;.an.tTifer 
which p r e f e r s a tundra environment, and " e s o l i t h i c man 
i s knov/n to have f a v o u r e d dry, san'-'y t e r r a i n w i t h 
w a t e r i n g p l a c e s and a b a l a n c e of f o r e s t e d and onen 
communities where he c o u l d hunt and g a t h e r food w h i l e 
e f f e c t i n g e a s y p a s s a g e s o v e r q u i t e wide a r e a s ( P i g o t t , 
1 9 6 5 ) . T h e r e i s no s u g g e s t i o n of any o r g a n i z a t i o n 
a t i v i l d a l e a s a t S t a r C a r r , but i t does seen t h a t 
> ' e s o l i t h i c man was p r e s e n t i n C l e v e l a n d i n B o r e a l time 
i n f a v o u r e d l o w l ? n d l o c a l i t i e s , P i g o t t (1965) has 
c a l c u l a t e d t h a t the p o p u l a t i o n of the S t a r C a r r s e t t l e m e n t 
would have ranged over a t l e a s t 20O square m i l e s a l o n g 
the e a s i e s t r o u t e s i n t h e i r q u e s t f o r food i n s p r i n g 
and i n summer, and i t may be t h a t some found t h e i r way 
up to r i l d a l e , w hich a p p e a r s to have been c a p a b l e of 
s u p p l y i n g t h e i r needs i n t h i s r e s p e c t . 
No o t h e r s i t e i n the r e g i o n i n d i c a t e s such an 
e a r l y or p o s i t i v e i n f l u e n c e of ^ " e s o l i t h i c man. ..'ith 
Seamer C a r r s , i t s e l f a l a r g e l a k e s i t e , not a p p a r e n t l y 
one of the p r i m i t i v e h u n t e r s h a u n t s , they seem, 
somewhat l a t e r i n the B o r e a l , to have turned to h i g h e r 
a l t i t u d e s where they appear to have e f f e c t e d s n a i l and 
temporary openings i n the f o r e s t c o v e r throughout t h i s 
and the f o l l o w i n g p e r i o d , the A t l a n t i c . The T i l d a l e 
a c t i v i t y may be r e f l e c t e d i n the s l i g h t s h i f t s i n the 
p o l l e n c u r v e s toward more open c o n d i t i o n s i n Zone V a t 
J e s t House and a t 3we Cra g 31ack. T e r e , accompanying 
the r i s i n g C o r y l u s c u r v e s , Gramineae, Felampyrum, 
Artemi s i a , Rumex a c e t o s a , S r i c a l e s and E'i l i c a l e s 
expand. Zone VI shov/s v e r y s i m i l a r , t r a n s i e n t a c t i v i t y 
a t b oth s i t e s , w h i l e Zone VIb a t Swe C r a g o l a c k has a 
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l a y e r of s i l t i n t e r c a l a t e d w i t h peat i n i t s 
s t r a t i g r a p h i c sequence, a f a l l i n a r b o r e a l p o l l e n and 
a n i n c r e a s e i n C o r y l u s and h e r b v a l u e s . A p a r t from 
reworked sediment ( t h e r e i s no e v i d e n c e of a h i a t u s i n 
the p o l l e n r e c o r d ) , the most l i k e l y o r i g i n f o r t h i s 
s i l t would have been the s u r r o u n d i n g s l o p e s , presumably 
l a i d bare by f o r e s t c l e a r a n c e and s u b j e c t e d to s o i l 
e r o s i o n e i t h e r g r a d u d l l y by wind, water o r a c o m b i n a t i o n 
of b o t h , o r by one s e v e r e storm. 
E v i d e n c e of > " e s o l i t h i c a c t i v i t y has been r c o r t e d 
from w i d e l y s e p a r a t e d a r e a s i n .'I^ngland, n o t a b l y )artmoor 
(-jimnons, 1962, 1964), the P e n n i n e s ('..alker, 1956) and 
Kent (•"'im.bleby, 1 9 6 3 ) . .\t t h e s e s i t e s i t i s 
c o n s i d e r e d t h a t J ' e s o l i t h i c man c l e a r e d some woodland and 
c r e a t e d p a t c h e s of g e n e r a l l y u n s t a b l e , q u i c k l y chan^^ing 
p l a n t communities i n t h e s e c l e a r i n g s . Smith (1970) has 
s u g g e s t e d t h a t the d e c l i n e of c e r t a i n s p e c i e s and the 
e x p a n s i o n of o t h e r s , ( f o r exsjm.ple, F i n u s and C o r y l u s 
b e i n g s u p e r c e d e d by .'.Inus n e a r the B o r e a l / A t l r n t i c 
t r a n s i t i o n ) , may be a s c r i b a b l e to hviman c a u s e s ; w h i l e 
T a l l i s . (1964) h o l d s the v i e w t h a t r e c o r d s of p o l l e n 
from open h a b i t a t s p e c i e s i n diagrams showing m a i n l y 
c l o s e d f o r e s t may s i m p l y r e p r e s e n t the remnants of 
former montane v e g e t a t i o n which s u r v i v e d u n t i l f i n a l l y 
secumbing to the f o r e s t c o v e r . C l e a r l y , w i t h l i t t l e 
s u p p o r t i n g e v i d e n c e , many C l e v e l a n d B o r e a l " c l e a r a n c e 
i n d i c a t o r s " c o u l d be r e g a r d e d i n the l a t t e r c a t e g o r y , 
p a r t i c u l a r l y a s i t i s e n v i s a g e d t h a t f o r e s t c o v e r v/as 
n e v e r r e a l l y a s l u x u r i a n t and complete upon the uplands 
a s upon the l o w l a n d s . 
The A t l e n t i c p e r i o d v/as one of r e l a t i v e 
v e g e t a t i o n a l s t a b i l i t y i n C l e v e l a n d , v/ith no major 
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community changes r e f l e c t e d i n the p o l l e n c u r v e s to 
c o m p l i c a t e the e f f e c t s ( o r o t h e r w i s e ) of man on 
v e g e t a t i o n . I t i s to t h i s p e r i o d t h a t the m a j o r i t y 
of the ? ' ' e s o l i t h i c f l i n t s of the r e g i o n have been 
a s c r i b e d ( U a d l e y , 1969). Many f l i n t s i t e s o c c u r ? t 
the i n t e r f a c e of a m i n e r a l s o i l and an o v e r l y i n g b l a n k e t 
p e a t , the t o o l s t h e m s e l v e s h a v i n g m a i n l y c h a r a c t e r i s t i c 
T a r d e n o i s e a n form. S i s s C r o s s H i l l on Danby Low Moor, 
o v e r l o o k i n g Ewe Crag S l a c k h a s been a s s i g n e d to t h i s 
c a t e g o r y ( E l g e e , 1930. " a d l e y , 1 9 6 9 ) . The f a c t 
t h a t the p o l l e n diagrams i n the u p l a n d s i n d i c a t e some 
p o s s i b l e a c t i v i t y i n B o r e a l and A t l a n t i c time suj^gests 
t h a t the s i t u a t i o n r>?.y have been a l i t t l e d i f f e r e n t to 
t h a t which has been p r e v i o u s l y h e l d as o c c u r r i n g . I n 
the A t l a n t i c p o l l e n r e c o r d s , a secondary C o r y l u s maximum 
i s p r e s e n t soon a f t e r the B o r e a l / A t l r . n t i c t r a n s i t i o n , 
but t h e r e a r e no o t h e r s i g n s of human a c t i v i t y then. 
T^'owever, i f i t i s a c c e p t e d tht?.t " e s o l i t h i c people were 
i n the r e g i o n i n B o r e a l time, what becrme of them e a r l y 
i n Zone V i l a ? . \ l s o , C o r y l u s shows a l a t e B o r e a l 
s u ' - i r r e s s i o n , p r o b a b l y due to the (growth of o t h e r t r e e s 
which were more shade t o l e r a n t , t h e r e f o r e why d i d i t 
r e a p p e a r d u r i n g what i s assumed to have been a c l o s e d 
f o r e s t p e r i o d ? I t c o u l d be t h a t i t r e c o l o n i z e d a r e a s 
f o r m e r l y o c c u p i e d by F i n u s ( O l d f i e l d , 1965), or i t may 
be an e x p r e s s i o n of C o r y l u s s t a n d s m a r g i n a l to the m i r e s 
c o n t r i b u t i n g i n c r e a s e d amounts to the p o l l e n r a i n when 
P i n u s and B e t u l a were e x c l u d e d due to a r i s i n g w a ter 
t a b l e , but b e f o r e Alnus was f u l l y e s t a b l i s h e d ( S - i i t h , 1970). 
The problems of m i c r o l i t h l a y e r s below p e a t , 
i n c l u d i n g d e p o s i t i o n a l i n t e r v a l s and downwashing of 
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p o l l e n i n m i n e r a l s o i l have been r e c o g n i z e d , 
(Dimbleby, 1957. Godwin, 1958. T^avies, 1963. 
T & l l i s , 1964 and J-mith, 1970). T h e r e seems to be 
no r e a s o n v/hy ' ^ i s s C r o s s and o t h e r s i t e s c o u l d not 
r e p r e s e n t much e a r l i e r s e t t l e m e n t s i t e s i f these 
arguments a r e borne,,! i n mind. The upland p l a t e a u 
of N o r t h C l e v e l a n d , i n l a t e r A t l a n t i c time, shov/s 
e v i d e n c e of some q u i t e d i s t i n c t v e g e t a t i o n a l changes 
from the p o l l e n diagrams a t \7est " o use, -'we Crag 
S l a c k and T r a n m i r e S l a c k . Then, e x t e n s i o n s of 
s p e c i e s such a s Gramineae, A r t e m i s i a , Chenopodiaceae, 
K''e lampyrum, P l a n t a g o l a n c e o l a t a and P t e r i d i u m 
t e m p o r a r i l y a t the expense of t r e e s (but v/ith no -marked 
C o r y l u s maximum, except a t T r a n r a i r e S l a c k ) , a r e shov/n. • 
Once a g a i n , 2vfe C r a g '31aclr p r o v i d e s s t r a t i g r a p h i c 
e v i d e n c e , w i t h tv/o s i l t h o r i z o n s i n t e r c a l a t e d v / i t h i n the 
m i r e d e p o s i t s almost c e r t a i n l y the r e s u l t of f o r e s t 
d e s t r u c t i o n , s o i l e r o s i o n and r u n - o f f nearby. " e c l i n e s 
i n a r b o r e a l p o l l e n f r e q u e n c i e s and i n c r e a s i n g ones f o r 
h e r b s a t t h e s e l e v e l s support t h i s c o n t e n t i o n . 
..hat s o r t of a c t i v i t i e s - ' e s o l i t h i c man engaged 
h i m s e l f i n , i s a r e a l l y open q u e s t i o n . The i n c i d e n c e 
°^ P I a n t a g o l a n c e o l a t a p o l l e n i n pre Gub-boreal 
d e p o s i t s ( where i t almost c e r t a i n l y had noth i n g to do 
w i t h p r e h i s t o r i c farming p r a c t i c e s ) i s of r e l e v a n c e . 
L a t e r than the A t l a n t i c p e r i o d i t s p r e s e n c e was e q u a l l y 
a s c e r t a i n l y c o n n e c t e d v/ith a g r i c u l t u r a l p r a c t i c e s , but 
i t i s the l a t e \ t l a n t i c p e r i o d i t s e l f v/hich i s important 
i n t h i s r e s p e c t . Dimbleby (1963) c o n s i d e r s t h a t 
iv'esol i t h i c man may have been something of a farmer a t 
t h i s time, i n p a r t i c u l a r , a s t o c k r e a r e r . The 
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c ' ^ r o n o l o g i c a l s i g n i f i c a n c e of p o l l e n zone b o u n d a r i e s 
i s of v i t a l importance i n such assvimptions, and f o r 
C l e v e l a n d , the r a d i o c a r b o n d a t e s to ensure t h i s a r e 
n o t , a s y e t , a v a i l a b l e . I n view of t h i s , the most 
t e n a b l e e x p l a n a t i o n f o r the whole of the pre-ITeol i t h i c 
v e g e t a t i o n a l changes i s p r o b a b l y t h a t s p e c i e s c o l o n i z i n g 
the re:7;ion e n t e r e d c l e a r i n g s along w i t h those s p e c i e s 
r e g a r d e d as "human i n d i c a t o r s " ( f o r exaniplc, A r t e n i s i a 
and I'elampyrum) . These c l e a r i n g s e i t h e r e x i s t e d 
n a t u r a l l y , o r were made by man or by the i n d i g e n o u s 
herbivores which he sought ( S m i t h , 1958b). The r o l e 
of i n d i s c r i m i n a t e f i r i n g as an a i d to hunting- must 
have been a major one, and such c l e a r i n g s , v.hile of 
s m a l l a r e a l e x t e n t , c o u l d have remained open f o r q u i t e 
long p e r i o d s when s e t a g a i n s t the 5,0rO or so y e a r s 
spanning the ^ ^ e s o l i t h i c p e r i o d . 
(b) The P e r i o d of T o r e s t Ileduc^t^i_on 
T h i s s e c t i o n d e s c r i b e s and a t t e ' i p t s to e x p l a i n 
the g e n e r a l p a t t e r n of v e g e t a t i o n a l change fro.r the 
time of the i n i t i a l s y s t e m a t i c r e d u c t i o n of c l o s e d 
canot>y f o r e s t ( e p r l y Zones V l l b and V I I T ) , u n t i l the 
e v i d e n c e fron^ the l a s t r e l i a b l e r . o l l e n s p e c t r a of the 
m i r e s ( t h e l a t e r s t a g e s of Zones V l l b and V I T I ) . 
Chronc lo'^y 
Srom the s t a r t of Zone VTI b , about 3,CrO B.C. 
(Godwin, i 7 a l k e r and T i l l i s , 1 9 57), the f o r e s t s of 
n o r t h e r n E n g l a n d were p r o g r e s s i v e l y reduced, t h e i r 
p l a c e b e i n g taicen by s econdary woodland, sl?rub and 
h e r b co-^munities (Godwin, 1 9 5 6 ) . 
The contemporary l a n d s c a p e of C l e v e l a n d provir'es 
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e v i d e n c e of the r e s u l t s of the p r o c e s s e s which brought 
about t i i e s e changes, but the f i v e m i r e s i n v e s t i g a t e d 
u n f o r t u n a t e l y '•>ave a.'1 been d i s t u r b e d i n t h e i r upper 
p a r t s by humr.n i n f l u e n c e s . T h i s ^ a s l e d to the 
removal of the s t r a t i g r a p h i c and na l y n o l o g i c r . l r e c o r d 
from v a r i o u s s t a g e s i n the T o s t - g l a c i a l ; a t I ' i l d a l e 
P a l l , f o r exa.mple, back to as e a r l y a s the co-riencement 
of Zone V i l a . The uppermost a n a l y s e d l e v e l s of the 
o t h e r fox?r s i t e s must be r e g a r d e d v/ith c a u t i o n i n viev/ 
of the d i s t u r b a n c e which .has taken p l a c e t h e r e , i n 
some c a s e s s i n c e l a t e r "'edieval time, ( I ' i t c h e l l , 1 9 65). 
F u r t h e r n o r e , the absence of r a d i o c a r b o n evi'i'ence makes 
any a s s u m p t i o n of age a l l the inore tenuous. .a t e n t a t i v e 
c h r o n o l o g i c a l frai.^ework can be p o s t u l a t e d though, by 
v i r t u e of a s e r i e s of u n p u b l i s h e d r a d i o c a r b o n d a t e s made 
a v a i l a b l e by wor'-ers i n c l o s e l y a d j a c e n t a r e a s , 
(Simrnnns and C u n d i l l on the h i g h e r p a r t s of the I'Torth 
Y o r k ''obrs, and "".rrtley i n s o u t h e r n Durham). 'Che 
p r o x i m i t y of many of t h e s e dated s i t e s , ( t h e h i g h 
moorland ones o n l y 0 k i l o m e t r e s d i s t a n t ) , s u g g e s t s t h a t 
the time sequences ca:i.not have been so r a d ^ c r . ? l y d i f f e r e n t 
a.s to be t o t a l l y u n r e l i a b l e , e s p e c i a l l y i n viev/ of the 
r e c e n t f i n d i n g s of ^""ibbert ( u n p u b l i s h e d ) c o n c e r n i n g the 
s y n c h r o n e i t y of zone b o u n d a r i e s i n v a r i o u s p.nrts of 
B r i t a i n d u r i n g the F o s t - g l a c i a l . r a d i o c a r b o n date 
of y.ull B.C. f r o n hlan::et p e a t a t Horth G i l l , G l a i s d a l e 
''oor (Simmons, u n p u b l i s h e d ) , and equated v/ith t'-e :^one 
VIIa/YT.lh boundary, i s n e a r to one f o r l a t e "one VTTa 
of 3 , . C . , . f r o " peat i n a l a n - ' s l : p a t 'i-rir.t " :elena, 
C a s t l e t o n l l i g g ( C u n c i l l , u n p u b l i s h e d ) . T u r t h e r d a t e s 
of i;.)3'-) B.C. fr o - i b l a n k e t peat a t C o l l i e r G i l l , Egton 
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•"igh '"oor ('.'i--ons, u n p u b l i s h e d ) , e q u a t a b l e th 
E a r l y or ^•iddle Bronze \ge a c t i v i t y ; I,''-10 ^,C. 
fro-^ p e a t i n the south Turhan ' C a r r s ' a t Bishop "i^r-^ieh?--
( H a r t l e y , u n p u b l i s h e d ) , and 1,2?6 ^^.C. from blm'.'et r^eat 
a t " f h e e l d a l e r - i i l , Mfheeldale r o o r ( C ^ m d i l l , u n p u b l i s h e d ) , 
both r o u g h l y of ^'ir'dle Bronze Age c u l t u r a l time, add 
w e i g h t to s t r o n g p a l y n o l o g i c a l and a r c h a e o l o g i c a l 
e v i d e n c e f o r i n t e n s e human a c t i v i t y i n t h i s p e r i o d i n 
the r e g i o n . 
The p o s t V i l a p o l l e n r e c o r d , (Zones VTIb and ^.7.1), 
was zoned i n d e p e n d e n t l y f o r each - iagram, baser' upon a 
V l l b and V I I I . g o m p l e x , r a t h e r than the d e l i m i t a t i o n of 
s e p a r a t e Zones V l l b and V I I I . I t was f e l t t ^ a t 
i n s u f f i c i e n t e v i d e n c e , both s t r a t i g r a p h i c a l ?nd 
p a l y n o l o g i c a l , was forthcoming to e n a b l e t h i s to he 
done w i t h c o n f i ^ i e n c e f o r ?11 s i t e s . A s u b - a o n a t i o n 
scheme B and C h^s been adopted f o r Zones V l l b and 
V I T I , b a s e d on s i n i l a r changes i n p o l l e n s p e c t r r . a t 
e a ch s i t e . T here i s no e v i d e n c e to prove t h a t A, B 
and C are synchronous a t each s i t e , but the c o n s i s t e n c y 
of the p o l l e n r e c o r d f o r each Sub-Zone and t^e r e l a t i v e l y 
s m a l l r e g i o n unc^er c o n s i d e r a t i o n do not rentier t h i s 
w h o l l y i m p o s s i b l e . 
The L a n d scape 
Throughout Zone V I l e . the separg.tion of B r i t a i n 
from the C o n t i n e n t a l m a i n l a n d was f u l l y r e a l i z e d , vyi th 
the K o r t h C-ea. assTiming s o n e t h i n g l i k e i t s p r e s e n t 
-limensions a t the c o n c l u s i o n of the r i a n c l r i a n a r a n s g r e s s i o n , 
L a t e r s e a - l e v e l changes w h i c h a r e known to have o c c u r r e d 
a l o n g the c o a s t of n o r t h - e a s t fi:n3land d id not a f f e c t the 
a r e a i n c o n s i d e r a t i o n , b e i n g c o n f i n e d to a r e a s belov/ the 
p r e s e n t 50 ':.D. c o n t o u r , ( T o o l e y , p e r s o n a l communication). 
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".rherefore, by 'ione V l J b , the e a s y m i g r a t o r y 
r o u t e s from the C o n t i n e n t were e f f e c t i v e l y c u t o f f , and 
f u r t h e r i - ^ m i g r a t i o n of p l a n t s p e c i e s e i t h e r tooV p l ? c e 
from v / i t h i n B r i t a i n ( e s p e c i a l l y from s o u t h e r n Unglrnd) , 
o r by more h a z a r d o u s r o u t e s a c r o s s the s u r r o u n d i n g 
o c e a n s , e s p e c i a l l y the I-^orth S e a . 
^-'ydrosere J^^XJ^lPJ2PlSSi^. 
The t r e n d towards the a c l r ^ i f i c a t i o n of v/hr.t v/ere 
g e n e r a l l y e u t r o p h i c m i r e s , s t a r t e d i n Zone V i l a , 
e verywhere c o n t i n u e d throughout Zones VI l b and V T I I , 
becoming nor e i n t e n s i f i e d i n the l a s t r e c o r d e d s t a g e s 
of development. 
Seamer C a r r s becam.e c o l o n i z e d by a. s l i g h t l y J e s s 
b a s i c , p a r t i a l f e n community, dominated by P'lr^LSZi.t^es 
and b r y o p h y t e s , v/hile a t '..'est :'ouse, Tlv/e Crag i l a c k and 
T r a n m i r e S l a c k , the sedge/v/ood sv/a^-ps a c i d i f i e d , v/ith 
.•/•est "ouse becoming an ombrogenous m i r e . The ch a n n e l 
m i r e s remained topogenous w h i l e s'-owing h i f h ^proportions 
of b r y o p h y t e s , e s p e c i a l l y ophap;num spp. i n t.heir 
s t r a t i g r a p h i c r e c o r d . Some e v i d e n c e e x i s t s f o r 
a l t e r n a t e w e t t e r and d r i e r p h a s e s of bog development, 
C a l l u n a and '^riophorum peat b e i n g i n t e r c a l a t e d v/ith 
l a y e r s of almost pure bryophyte p e a t , dominated by 
iiphapnum. ^:bwever, t h i s v/hole problem i s e x t r e m e l y 
complex and the s t r a t i g r a p h y \"as not s t u d i e d i n 
s u f f i c i e n t d e t a i l to a s c e r t a i n v/.hether r e t a r d a t i o n 
l a y e r s and r e c u r r e n c e s u r f a c e s e x i s t e d , o r indeed c o u l d 
be u s e d to d e l i m i t an a r i d S u b - b o r e a l and a more o c e a n i c 
S u b - a t l a n t i c s t a g e i n bog development, as su^jgested by 
Godwin ( 1 9 5 6 ) . 3ome e v i d e n c e of i n c r e a s e d p r e c i p i t a t i o n 
i n the upper p a r t s of the m i r e s t r a t i / v r a p h i e s may be 
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p r e s e n t i n the form of the s i l t h o r i z o n s , whic'-^ a t 
Ewe C r a g S l a c k , i:rdtmp- (192S) thought to be of 
S u b - a t l a n t i c age and c a u s e d by i n c r e a s e d r a i n f a l l t o t a l s . 
E q u a l l y , h i g h winds c o u l d have c a u s e d such a c c u m u l a t i o n s , 
but i t would f i r s t need d i s t u r b a n c e of the v e g e t a t i o n 
c o v e r f o r t h e s e to be i n i t i a t e d , and the c h a r c o a l 
a s s o c i a t e d w i t h the s i l t i n d i c a t e s t h a t a n t h r o p o g e n i c 
f a c t o r s were the main ones, a t l e a s t a t the o u t s e t , 
R e g i o n a l V e g e t a t i o n a l H i s t o r y 
V J i t h i n t h i s p e r i o d the most s i g n i f i c a n t changes 
i n the c o m p o s i t i o n of the l a n d v e g e t a t i o n were i n the 
r e l a t i v e f r e q u e n c i e s of t r e e s to shrubs and h e r b s . 
Human a c t i v i t y i s assumed to have i n f l u e n c e d landscape 
changes throughout, and once a g a i n , p a r t i c u l a r c a r e 
must be e x e r c i s e d i n the i n t e r p r e t a t i o n of p o l l e n 
s p e c t r a , e s p e c i a l l y i n the c a s e of the c o n t r i b u t i o n of 
hydro s e r e components such as Gram.ineae and C ^ e j r j a c e a e . 
The g e n e r a l t r e n d from the commencement of 
Zone V l l b was one of an o v e r a l l r e d u c t i o n i n h i g h 
f o r e s t c o v e r and i t s replacement by more open c o n d i t i o n s , 
w i t h some r e c o l o n i z a t i o n by t r e e s . 
The changing f o r e s t communities of t h i s time were 
dom3?nated by v'iuercus. Ulmus, " i l i a and V r a x i n u s , w i t h 
the l o w l a n d s h a v i n g a b e t t e r developed and l e s s e a s i l y 
a t t a c k a b l e c l o s e d community s t r u c t u r e . B e t u l a and 
A l n u s must have made s i g n i f i c a n t c o n t r i b u t i o n s too, but 
t h e i r r e l a t i v e p o s i t i o n s a r e c o m p l i c a t e d by t h e i r p r e s e n c e 
i n the h y d r o s e r e s . P i n u s was by now of l i t t l e importance, 
e x c e p t l o c a l l y on a c i d s u b s t r a t e s , ( a s around Tranmire 
'slack, f o r e x a m p l e ) . The b a s i s of the p e r c e n t a g e 
c a l c u l a t i o n s (upon a t o t a l t r e e p o l l e n sum) makes the 
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v a r i a t i o n s i n p e r c e n t a g e s of v a r i o u s t r e e s p e c i e s i n 
the upper l e v e l s of diagra^ns p u r e l y r e l a t i v e to one 
o t h e r ; the s i g n i f i c a n t f a c t o r i s the d e c l i n e i n 
t o t a l t r e e c o v e r from up to 7511 to l e s s than lOi. i n 
the m a j o r i t y of c a s e s . 
Some s p e c i e s appear to have been removed a t 
the expense of o t h e r s , p a r t i c u l a r l y Uljnus and T i ^ l i r ^ i n 
the e a r l y s t a g e s . C e r t a i n t r e e s expanded, n o t a b l y 
?^raxinus which had been p r e s e n t s i n c e Zone VI i n the 
l o w l a n d s and s i n c e Zone V i a i n the u p l a n d s . I t now 
became q u i t e a s i g n i f i c a n t component of the v e g e t a t i o n 
a f t e r the d e c l i n e s i n Ulmus and T i . l i , a , a f e a t u r e 
e n c o u n t e r e d by o t h e r w o r k e r s ( f o r exa/nple, O l d f i e l d , 
1960. B i r k s , 1965b). F r a x i n u s i s a p i o n e e r i n g t r e e 
which does w e l l on m o i s t , d i s t u r b e d s o i l s of r u i t e h i g h 
b a s e - s t a t u s (\'ardle, 1 9 6 1 ) . I t i s l e s s l i g h t deripnding 
than B e t u l a but cannot t o l e r a t e shade as v/ e l l a s Mnus 
ca n ( I v e r s e n , 1 960). .\t t h i s time the s o i l s would 
have been e i t h e r f a i r l y b a s i c and s u p p o r t i n g mixed 
£jaercus_ - Ulnms f o r e s t , or more a c i d and s u p p o r t i n g a 
B e t u l a - A l n u s a s s o c i a t i o n . I t i s d i f f i c u l t to envis2.ge 
how, i n such s i t v a t i o n s , F r a x i n u s c o u l d expand i n t o such 
e n v i r o n m e n t s w i t h o u t t h e r e b e i n g some d i s r u p t i o n s of the 
e x i s t i n g e c o l o g i c a l b a l ? n c e , 
•^a^ij_s i s f i r s t recorded, i n s u f f i c i e n t f r e q u e n c y to 
have b»en growing l o c a l l y soon a f t e r the s t a r t of t h i s 
p e r i o d . Godwin (1956) s t a t e s t h a t T a £ U £ was e s t a b l i s h e d 
i n s outhern.England: by l a t e B o r e a l time and p e r s i s t e d 
t h e r e throughout the A t l a n t i c , s p r e a d i n g w i d e l y but 
s p a r s e l y o n l y i n the S u b - b o r e a l , when human r a t h e r than 
c l i m a t i c f a c t o r s were i n o p e r a t i o n . The s h i f t i n g 
184 
d e n s i t i e s of pre' i s t o r i c p o p u l a t i o n s and t.heir 
c l e a r a n c e of n a t u r a l mixed oak f o r e s t ga.ve Farrus 
a chance to compete e f f e c t i v e l y i n r e c o l o n i z a t i o n 
complexes v/ith F r a x i n u s . The e x p a n s i o n o f both t r e e s 
i n a s s o c i a t i o n v/ith i n c r e a s e s i n herbaceous p o l l e n 
f r e q u e n c i e s s u p p o r t s t h i s h y p o t h e s i s , and has been 
n o t e d by many i n v e s t i g a t o r s ( f o r example, Gor'v/in, 
1956. >3immons, 1964, 1 9 6 9 a ) . 
Cory l u s , v/hich a c h i e v e d a b a l a n c e d - o s i t i o n i n 
the A t l a n t i c f o r e s t s , p l a y e d an i m p o r t a n t r o l e i n the 
c h anging v e g e t a t i o n a l p a t t e r n s of t h i s p e r i o d . f-''igh 
f r e q u e n c i e s of t h i s shrub a r e r e c o r d e d i n Zones V l l b 
and V I T I i n Sub-Zones A and B, s u g g e s t i n g t h a t i t 
v/as a b l e to s u c c e s s f u l l y c o l o n i z e opened a r e a s , v/hile 
lower v a l u e s i n l"ub-.Zone C i n d i c a t e t h a t by t h i s time 
i t was i t s e l f s u b j e c t to c l e a r a n c e on q u i t e a l a r g e 
s c a l e . 
A H p l a n t s i n v o l v e d i n t h i s complex of changing 
communities v/ere w i t h i n t h e i r c l i r a t i c l i m i t s . ^iome 
s p e c i e s , T i 1 i a and Ulmus, f o r example, may have been 
p o i s e d i n a d e l i c a t e e c o l o g i c a l b a l a n c e , but the .high 
v a l u e s f o r Ti_l^ia, (up to 157.- of t o t a l t r e e p o l l e n a t 
some s i t e s ) s u p p o r t s the c o n t e n t i o n of Si"mons (1969a) 
t h a t n o r t h - e a s t Y o r k s h i r e was both c l i m a t i c a l l y and 
e d a p h i c a l l y s u i t a b l e f o r i t s grov/th. F u r t h e r n o r t h , 
a t B r a d f o r d Kaims, B a r t l e y (1966) r e p o r t s p e r c e n t a g e s 
of 2 or l e s s f o r T i l i a a t i t s maximum, s u g g e s t i n g a 
l a t i t u d i n a l t h r e s h o l d f o r i t s s u c c e s s f u l grov/th 
somewhere between the two a r e a s . Ulmus too, p r o b a b l y 
grew b e s t i n s u i t a b l e e d a p h i c s i t u a t i o n s , b e i n g reduced 
i n f r e q u e n c y p a r t l y by n a t u r a l s u c c e s s i o n o f elm 
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w o o d l a n d b y t h a t o f oak u n d e r o c e a n i c c o n d i t i o n s and 
s o i l p o d s o l i z a t i o n C . V a l k e r , 1 9 6 6 ) , a n d p a r t l y b y c. 
c o m p l e x o f c a i i s e s a j aongs t w h i c h h u ^ a n i n f l u e n c e v/as 
one o f t h e f o r e m o s t ( = ? T i t h , 1 9 7 0 ) . 
A r e a s o f open v e g e t a t i o n a l r e a d y e x i s t e d i n 
t h e r e g i o n , e i t h e r n a t u r a l l y o r as a r e s u l t o f e a r l i e r 
f o r e s t c l e a r a n c e s , and t h e s e m u s t have b e e n c o n t r i b u t i n g 
t o t h e p o l l e n r a i n ; c o n s i s t e n t C a l l u n a p e r c e n t a g e s 
s u g g e s t i n g h e a t h s , p r o b a b l y u p o n t h e m o o r l a n d s u ' - i t s . 
h'a.ny o f t h e h e r b s e n c o u n t e r e d i n i n c r e a s i n g amoun t s 
f r o m Zone V l l b o n w a r d ( f o r e x a m p l e , P l a n t a g o l a n c e o l a t a , 
A r t e m i s i a a n d gjumex a c e t o s a ) a r e n o t h e a t h p l a n t s and 
m u s t have b e e n g r o w i n g i n p l a c e s o t h e r t h a n t h e s e . 
The a l t e r n a t i v e h y p o t h e s i s o f s u c h o c c u r r e n c e s i s one 
w h i c h has f o r many y e a r s b e e n v / i d e l y a c c e p t e d i n 
B r i t a i n a n d E u r o p e ( f o r e x a m p l e , I v e r s e n , 1 9 4 1 , 19<-^, 
1 9 6 0 . G o d w i n , 1 9 5 6 . T r o e l s - S m i t h , . 1 9 6 0 . . . - n i t h , 
1 9 7 0 ) . I t i s b a s i c a l l y t h a t l iuman a c t i v i t y was t h e 
m a j o r f a c t o r i n d e t e r m i n i n g t h e d i r e c t i o n o f 
v e g e t a t i o n a l chpncjes fro-^^ N e o l i t h i c t i m e o n w a r d s . The 
p r e s e n c e , o f a t c h a e o l o g i c a l e v i d e n c e i n s u p p o r t o f 
p a l y n o l o g i c a l c r i t e r i a i s u s e f u l , 0.nd, as F i g u r e 3 
i l l u s t r a t e s , C l e v e l a n d has no s h o r t a g e o f s u c h 
i n f o r m a t i o n f o r a w i d e r a n g e o f c u l t u r a l t y p e s , whose 
i n f l u e n c e u p o n e c o l o g i c a l c h a n g e s a t i n d i v i d u a l s i t e s 
has a l r e a d y b e e n i n f e r r e d . 
The Phases o f F o r e s t C l e a r a n c e 
The s p o r a d i c b u t n e v e r t h e l e s s q u i t e e f f e c t i v e 
a c t i v i t i e s o f t / e s o l i t h i c man i n C l e v e l a n d d u r i n g B o r e a l 
a n d A t l a n t i c t i m e w e r e c a r r i e d a s t a g e f u r t h e r bot;? i n 
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a r e a l e x t e n t a n d i n t e n s i t y a r o u n d t h e t i m e o f t h e 
conr-mencement o f t h e S u b - b o r e a l p e r i o d ( c i r c a 3 , " C r ' 3 . C . ) . 
i '^eol i t h i c a r t i f a c t s h a v e n o t beer-, w i d e l y d i s c o v e r e d i n 
t h e r e g i o n , t h e f e w f l i n t f i n d s b e i n g m a i n l y c o n f i n e d 
t o t h e l o w l a n d s . i ' T e o l i t h i c c i f in u n d o u b t e d l y i n h a b i t e d 
t h e r e g i o n , b u t s e e m i n g l y n o t i n l a r g e n u m b e r s . I t i s 
more l i k e l y t h a t . ' ' e s o l i t h i c and N e o l i t h i c men l i v e ^ i n 
c l o s e p r o x i m i t y h e r e a t t h e same t i m e , e a c h i n h i s 
p r e f e r r e d h a b i t a t , b u t w i t h some c u l t u r a l f i x i n g and 
t e c h n o l o g i c a l d i f f u s i o n b e t w e e n t h e g r o u p s . The 
r e s u l t i n g p o p u l a t i o n p r o b a b l y h a d a c u l t u r e i n c l u d i n g 
t r a d i t i o n a l H e s o l i t h i c and N e o l i t h i c a c t i v i t i e s , such 
a s h u n t i n g , f o o d g a t h e r i n g and some a g r i c u l t u r a l 
p r a c t i c e s . 
The j^^ar 1 i e s t^  Si\^3y^P£^^ 
The f i r s t p h a s e s o f f o r e s t r e d u c t i o n i n Zones 
V I l b and V I I I seem t o have b e e n a c o n c e n t r a t i o n o n t h e 
c l e a r a n c e o f h i g h f o r e s t t r e e s o n a s e l e c t i v e b a s i s , 
e s p e c i a l l y o f TJlmus a n d T i l i a w h i c h v/ere e i t h e r f e l l e d 
o r d e f o l i a t e d . T r o e l s - S m i t h ( 1 9 6 0 ) s u g g e s t e d t h a t 
s u c h s p e c i e s v/ere u s e d as a n i m a l f o d d e r . F i r e was 
u s e d i n some i n s t a n c e s , and l o c a l l y u p o n t h e n o o r l a n d s , 
c l e a r a n c e s w e r e q u i t e e f f e c t i v e ; t h e s i l t and c h a r c o a l 
i n t h e m i r e a t Ewe C r a g S l a c k a t l e v e l s c o r r e s p o n d i n g 
t o t h i s p e r i o d i n d i c a t e t h i s . D u r i n g t h i s e a r l y p ' l a se 
( S u b - Z o n e ) , s e l e c t i v e c l e a r a n c e s c o u l d have t a k e n p l a c e 
o v e r a w i d e a r e a w h e r e t h e b e s t s p e c i m e n s w e r e a v a i l a b l e , 
m o r e t h o r o u g h d e s t r u c t i o n b e i n g c o n f i n e d t o s u i t a b l e 
l o c a l i t i e s , p e r h a p s t h o s e w i t h some open c o n d i t i o n s 
a l r e a d y . I n t o t h e s e c l e a r i n g s P l a n t ago s p p . , ^^^Jl^Jlt^' 
Rumex s p p . , and Pte j r i j3_ium s p r e a d a n d i n c r e a s e d t r e i r 
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p e r c e n t a g e c o v e r . The s i z e o f such c l e a r i n g s i s 
d i f f i c u l t t o a s c e r t a i n , b u t t h e y seem t o have b e e n 
u s e d p r i m a r i l y f o r p a s t o r a l p u r p o s e s . O n l y a t '.'Zwe 
C r a g o l r c k l a t e w i t h i n Sub-Zone A do C e r e a l i a a n d 
o t h e r h e r b s ( f o r e x a m p l e , A r t e m i s i a . C h e n o p o d i ? c e a e and 
Rumex a c e t o s a ) i n d i c a t i v e o f a r a b l e f a r m i n g a p p e a r . 
The b o u l d e r c l a y l o w l a n d s a r o u n d *3eamer C p r r s 
seem t o h a v e h a d v e r y m i n o r c l e a r a n c e s f o l l o w e d b y 
e f f e c t i v e r e g e n e r a t i o n o f t r e e s , w h i l e t h e rat. 'r-er o p e n 
w o o d l a n d s a r o u n d •.•?ranmire S l a c k , s u p p o r t e d b y q u i t e 
a c i d s o i l s , d i d n o t f a r e n e a r l y so w e l l , Ja.ous and 
F r a x i n u s m a k i n g l i t t l e headway i n c l e a r e d a r e a s . The 
c o l o n i z a t i o n c o m p l e x e s and abandonment o f c l e a r i n g s 
i n d i c a t e s a s h i f t i n g n o d e o f e x i s t e n c e f o r t h e s e 
a g r i c u l t u r a l i s t s , b u t c l e a r ' l a n d n a m . ' s equences 
( I v e r s e n , 1941) a r e n o t r e a l l y d i s c e r n a b l e . T h e i r 
u n c e r t a i n t e c h n o l o g i c a l c a p a b i l i t i e s may e x p l r i n t h e i r 
d i v e r s i t y o f a c t i v i t y w h i c h i n c l u d e d , i n a l l p r o b a . b i 1 i t y , 
c e r e a l g r o w i n g , p a s t o r a l i s m , s t o c k r e a r i n g , h u n t i n g 
a n d f o o d g a t h e r i n g . 
•jimtr.ons ( 1969a) h a s p l a c e d t h e f i r s t p h a s e s o f 
a c t i v i t y u p o n t h i s s c a l e o v e r t h e c e n t r a l w a t e r s i - ' e d o f 
t h e r i o r t h Y o r k '^'oors i n t o t h e N e o l i t h i c , a n d i t seems 
l o g i c a l t o e x t e n d t h i s j u s t e f e w k i l o m e t r e s 
n o r t h w a r d s t o C l e v e l r n d . 3 u b - Z o n e A i s t?^:en '••ere as 
r e p r e s e n t i n g a c t i v i t y f r o r n t h e " e s o l i t h i c / > T e o l i t h i c 
o v e r l a p t h r o u g h u n t i l t h e e a r l i e s t p a r t s o f I r o n z e "ge 
t i m e . T h i s i s c o n s i s t e n t w i t h t h e a r c h a e o l o g i c a l r e c o r d 
f o r t h e s e p e r i o d s w h i c h s u g g e s t o n l y s l i g h t a c t i v i t y 
i n t h e r e g i o n b y a f a i r l y s p a r s e p o p u l a t i o n . 
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The I'ain C l e a r ? n c e s 
T 'os t o f t h e r e g i o n r e c o v e r e d q u i t e r e a s o n a b l y f r o i ^ 
t h e f i r s t c l e a r a n c e s , and i t was n o t u n t i l t h e p o l l e n 
d i a g r a m s i n d i c a t e c l e a r s e c o n d a r y d e c l i n e s i n Ulmus 
a n d T i l i a f r e q u e n c i e s , t h a t w i d e s p r e a d , c o n s i s t e n t a n d 
i n Tiany a r e a s i r r e v e r s i b l e c h a n g e s i n t h e v e g e t a t i o n a l 
s u c c e s s i o n t o o k p l a c e . ".71 t h i n ^ u b - 2 o n e A i t v/as 
l i m i t e d a r e a s o f t h e u p l a n d p l a t e a u t h a t w e r e c l e a r e d 
a n d l a t e ' f c u l t i v a t e d , b u t i n 3 u b - Z o n e B t h e mos t 
i m p o r t a n t s i n g l e f e a t u r e was a w i d e s p r e a d , c o n s i s t e n t 
d e c l i n e i n a l l t y p e s o f a r b o r e a l p o l l e n . C l e a r i n g s 
now v/ere much more numerous and l a r g e r , a n d a r a b l e 
f a r n i n g i s shov/n t o be o f i m p o r t a n c e . The t r e e c o v e r 
o f t h e u p l a n d s was r e d u c e d t o a r o u n d 10;': o f t h e l a n d s c a p e , 
t h a t o f t h e l o w l a n d s t o a r o u n d 35 . ! . - e r b s v e r e 
s p r e a d i n g i n t o c l e a r e d a r e a s a t e v e r i n c r e r r - i n g r a t e s 
a n d t h e p o w e r s o f r e c o l o n i z i n g s p e c i e s , p a r t i c i ' . l a r l y 
C o r y l u s , w e r e c h e c V e d , The w h o l e o f Sub-Zone E was one 
o f h i g h a c t i v i t y b y w h a t mus t have b e e n q u i t e a 1 - rge 
p o p u l a t i o n . The absence o f r a d i o c a r b o n d a t e s and a n 
i n s u f f i c i e n t l y c l o s e sa"- !p l ing i n t e r v a l o f t h e p r o f i l e s 
( 1 - 2 c m . i n t e r v a l s a r e n e e d e d ) , ma-hes t h e s e p a r a . t i o n o f 
p a r t i c u l a r t y p e s o f a c t i v i t y unv / i se ( T u r n e r , 1 9 6 5 , 1 9 7 0 ) . 
C e r e a l i a ( T r i t i cum and J b r d e u m ) a r e r e c o r d e d f r o m a l l 
s i t e s , t o g e t h e r v / i th. h e r b s such as A r t e m i s i a , C h e n o p o c i a c e r . e . 
C r u c i f e r a e , - - u c c i s a , L i r a i l i f l o r a e . ? p e r p ! u l " . r i a . C e n t a u r e a 
a n d T J r t i c a , i n d i c a t i v e o f c u l t i v a t i o n ( T u r n e r , 1 9 6 5 , 
1970) . ! ^oweve r , v a l u e s f o r P1 ?• n t a g o 1 ancep 1 a t a , 
G r a m i n e a e a n d I ' t e r i d i u m i n c r e a s e t o o , s u g g e s t i n g t h a t 
p a s t o r a l a c t i v i t y v/as i m p o r t a n t , o r t h a t t h e r e v/ere many 
a r e a s o f e x h a u s t e d s o i l s w h i c h w e r e b e c o m i n g c l o t h e d w i t h 
r u d e r a l s a f t e r t h e y h a d b e e n l e f t f a l l o w . Removal o f 
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t h e v e g e t a t i o n c o v e r m u s t h a v e g r e a t l y a c c e l e r a t e d s o i l 
p o d s o l i z a t i o n and e r o s i o n , t h e l a t t e r p r o c e s s b e i n g 
m a n i f e s t i n t h e n i r e s i n t h e f o r i ^ o f s i l t bands and 
c h a r c o a l , nsfoved i n f r o m t h e s u r r o u n d i n g s l o p e s . 
•aome a r e a s m o s t a f f e c t e d b y t r e e r c ^ o v p l b e g a n 
t o r e v e r t t o a h e a t h f o r m a t i o n w i t h C a l l u n a p l e y i n g a 
d o m i n a n t r o l e , t^is b e i n g e s p e c i a l l y t r u e o f t h e 
m o o r l a n d s . 
Such a c t i v i t i e s can o n l y be a s c r i b e d t o a p e o p l e 
who f a v o u r e d t h e a r e a as a d w e l l i n g p l a c e . I f t h e 
e a r l i e r c l e a r a n c e s a r e e q u a t e d w i t > K e o l i t ^ ' i c and 
E a r l y B r o n z e Age p e o p l e , i t seems f e a s i b l e t o p o s t u l a t e 
t h a t t ' ^ i s p e r i o d o f h i g h a c t i v i t y was a r e s u l t o f t h e 
o c c u p a t i o n o f t h e r e g i o n b y M i d d l e B r o n z e Age f o l k , f o r 
t h e i r b u r i a l s i t e s a.nd s e t t l e m e n t s a r e f o u n d i n 
C l e v e l a n d i n g r e a t p r o f u s i o n , e s p e c i a l l y v p o n t h e u p l a n d s 
( S l g e e , 1 9 3 0 ) . E l g e e c o n t e n d e d t ^ a t i t was t ' -ese p e o p l e 
who made t h e f i r s t s e r i o u s a t t e m p t s t o s e t t l e v/hat he 
r e g a r d e d as h e a t h e r m o o r l a n d s a n d f o r e s t e d d a l e s , b e i n g 
m a i n l y c u l t i v a t o r s v / i t h s m a l l h e r d s . O i m b l e b y ( 1 9 6 1 , 
1962) a l s o c o n c l u d e s t h a t I ' i d d l e B r o n z e Age d w e l l e r s 
w e r e r e s p o n s i b l e f o r t h e m a i n d e f o r e s t a t i o n o f the 
N o r t h Y o r k J ' o o r s a n d t h e i n i t i a t i o n o f s o i l p o d s o l i z a t i o n 
a n d h e a t h f o r m a t i o n o n a l a r g e s c a l e . ' . . h i l e O i m b l e b y 
c o n s i d e r s t h e s e p e o p l e t o have b e e n m a i n l y p a s t o r a l i s t s , 
F l e m i n g ( 1 9 7 1 ) b e l i e v e s t h a t t h e i r economy was more o f 
a m i x e d n a t u r e . Ke s u g g e s t s t h a t c l e a r i n g s were r.ade 
i n t h e w o o d l a n d s t o o b t a i n p r o d u c e , e s p e c i a l l y c e r e a l s 
a s w e l l as f o r t h e k e e p i n g o f g r a z i n g a n i m a l s . The 
t h i n a n d a c i d s o i l s p r o b a b l y r e n d e r e d t h e u s e f u l n e s s 
o f s u c h c l e a r a n c e s t o a s h o r t d u r a t i o n , a n d when s o i l 
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e x h a u s t i o n s e t i n moves w e r e made t o nev/ a r e a s , v / i t h 
t h e a b a n d o n e d c l e a r i n g s l e f t t o become c o l o n i z e d b y 
s c r u b and h e a t h , 
P a l y n o l o g i c a l e v i d e n c e s u p p o r t s much o f t h i s 
t h e o r y . I t i s now c e r t a i n t h a t t h e r e g i o n as a v /ho le 
was c l e a r e d o f f o r e s t b y human a c t i v i t y r a t h e r t h a n 
b e i n g a p r o g r e s s i v e l y d e g e n e r a t i n g h e a t h c o m m u n i t y as 
E l g e e ( 1 9 1 2 ) h a d e n v i s a g e d , J 'or C l e v e l a n d , F l e m i n g ' s 
( 1 9 7 1 ) c o n c e p t s o f a m i x e d economy a r e s u p p o r t e d , so 
a r e t h e i d e a s o f e f f e c t i v e c l e a r a n c e , s o i l e x h a u s t i o n 
a n d e r o s i o n a n d t h e t r e n d t o v / a r d s t h e e s t a b l i s h m e n t o f 
v a s t e x p a n s e s o f C a l l u n a h e a t h . The p o l l e n s p e c t r a 
a s s o c i a t e d w i t h t h e r a d i o c a r b o n d a t e s q u o t e d as B r o n z e 
Age ( p a g e 180) , show many s i m i l a r i t i e s t o t h e o v e r a l l f o r m 
o f t h e c u r v e s w i t h i n S u b - Z o n e 3 , b u t s u c h a n a l o g i e s 
c a n n o t be c a r r i e d f a r w i t h c o n f i d e n c e . 
The L a s t C l e a r a n c e s R e p r e s e n t e d 
W h a t e v e r s m a l l r e c o v e r i e s v/ere made v / i t h i n 
S u b - Z o n e B b y t r e e s a n d s h r u b s w e r e soon n u l l i f i e d a f t e r 
t h e commencement o f t h e f i n a l r e c o g n i z a b l e c l e a r a n c e p h a s e , 
d e l i m i t e d as Sub-Zone C , Seamer C a r r s , e s t T o u s e , Ewe 
C r a g '31ack and T r a n m i r e S l a c k p r o v i d e e v i d e n c e o f 
f u r t h e r s u b s t p n t i a l r e d u c t i o n s i n woody v e g e t a t i o n , 
u n t i l t r e e s c o v e r e d l e s s t h a n iCfil o f t h e l o w l a n d s and 
w e l l u n d e r S'-io o f much o f t h e m o o r l a n d . A s i g n i f i c a n t 
f a c t o r was t h e d e c i m a t i o n o f s h r u b v e g e t a t i o n , 
p a r t i c u l a r l y C o r y l u s , and m a s s i v e i n c r e a s e s i n C a l l u n a 
h e a t h a n d a c i d g r a s s l a n d , t h e f o r m e r a t h i g h e r 
a l t i t u d e s , t h e l a t t e r u p o n t h e C l e v e l a n d P l a i n . 
Once a g a i n i t i s d i f f i c u l t t o d e t e r m i n e phase s o f 
d i s t i n c t f a r m i n g a c t i v i t y w i t h i n t h i s p e r i o d , m a j o r 
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i n c r e a s e s i n t h e f r e q u e n c i e s o f a l l t y p e s o f 
h e r b a c e o u s p o l l e n o c c u r r i n g . The l o w l a n d s , s t i l l 
w i t h a l i t t l e n a t u r a l f o r e s t c o v e r , a p p e a r t o h a v e 
b e e n a c e n t r e o f m i x e d f a r m i n g , w i t h c e r e a l g r o w i n g 
a n d p a s t o r a l i s m c a r r i e d o n s i m u l t a n e o u s l y u p o n w h a t 
m u s t have b e e n s t i l l q u i t e f e r t i l e s o i l s . The l a t e r 
s t a g e s o f Sub-Zone C i n d i c a t e t h a t p a s t o r a l i s m was 
g a i n i n g t h e u n p e r h a n d , a t l e a s t a r o u n d Seamer C a r r s 
a n d T e s t H o u s e , 
The u p l a n d e n v i r o n m e n t i s s l i g h t l y l e s s d i f f i c u l t 
t o r e c o n s t r u c t t h r o u g h o u t t h i s t i m e . I n i t i a l l y t h e r e 
seems t o h a v e b e e n an a r a b l e p h a s e ; w i t h h i g h f r e q u e n c i e s 
o f t h e p o l l e n o f C e r e a l i a , ( K o r d e u m a n d A v e n a ) , A r t e m i s i ? . 
C h e n o p o d i a c e a e , C r u c i f e r a e , - lumex, C e n t a u r e a and 
S p e r R u l a r i a ; w h i l e l a t e r o n , G r a m i n e a e , P I a n t a g o 
l a n c e o l a t a a n d P t e r i d i u m , i n d i c a t i v e o f p a s t o r a l f a r m i n g 
a c c o r d i n g t o T u r n e r ( 1 9 6 5 , 1 9 7 0 ) , d o m i n a t e t h e u p p e r 
s p e c t r a a t Swe C r a g S l a c k a n d T r a n m i r e S l a c k , 
A t a l l s i t e s , t h e c h a n g e s w h i c h o c c u r r e d a r e m o r e ' 
l i k e l y t o h a v e b e e n s h i f t s i n t h e e m p h a s i s o f one t y p e 
o f f a r m i n g o v e r a n o t h e r r a t h e r t h a n a c o m p l e t e change 
f r o m one t y p e t o a n o t h e r . None o f t h e a c t i v i t y a p p e a r s 
t o h a v e b e e n a b l e t o h a v e k e p t p a c e w i t h t h e s p r e a d o f 
C a l l u n a h e a t h s , w h i c h c a n n o t h a v e been) v e r y p r o d u c t i v e , 
and whose e x t e n s i o n r e f l e c t s t h e c l o s i n g s t a g e s o f t h e 
d e g r a d a t i o n o f t h e e c o l o g i c a l b a l a n c e o f much o f t h e 
e l e v a t e d l a n d i n t h e r e g i o n . V e r y l i t t l e t r u e f o r e s t 
c o u l d have r e m a i n e d , save i s o l a t e d p a t c h e s i n t h e d a l e s 
a n d a r o u n d t h e m i r e s . A r a b l e f - r m i n g mus t have become 
i n c r e a s i n g l y d i f f i c u l t u p o n r a p i d l y d e g e n e r a t i n g s o i l s 
a n d e x t e n s i v e g r a z i n g r e m a i n e d t h e o n l y f e a s i b l e a c t i v i t y 
srsi!j7f, 
ggiEaii: 
.11 OCT 1971 
192 
i n t h e u p l a n d s . The l o v / l a n d s t o o , w h i l e r e t a i n i n g a 
m i x e d f a r m i n g economy v / i 11 h a v e e x p e r i e n c e d d i f f i c u l t i e s 
i n c o p i n g w i t h s o i l d e p a u p e r a t i o n a n d ' t h e s p r e a d o f p o o r 
p a s t u r e a n d h e a t h l a n d . 
Once a g a i n t h e r e i s a l a c k o f r a d i o c a r b o n e a t i n g 
e v i d e n c e f o r t h i s i m p o r t a n t p e r i o d o f a c t i v i t y , and 
i t i s p u r e l y b y l o g i c a l p r o g r e s s i o n t h r o u g h t h e c u l t u r a l 
g r o u p i n g s t h a t c a u s a l e f f e c t s c a n be a s s i g n e d t o 
p a r t i c u l a r i n h a b i t a n t s . L a t e B r o n z e Age f o l k d i d n o t 
s e t t l e v / i d e l y i n C l e v e l a n d , and u n t i l c o m p a r a t i v e l y 
r e c e n t l y , t h e same was t h o u g h t t r u e o f I r o n Xige d v / e l ? e r s . 
^ ' 'owever , F a y e s ( 1966) has shov/n t h a t q u i t e e x t e n s i v e 
I r o n .\ge s e t t l e m e n t s e x i s t e d i n v / e s t e r n C l e v e l a n d f r o m 
a b o u t t h e f i f t h c e n t u r y B . C . t o t h e f i r s t c e n t u r y 
a n d t h a t t h e y v/ere a c t i v e f a r m e r s . S l g e e ( 1 9 3 0 ) h e l d 
t h e v i e w t h a t d e s c e n d e n t s o f t h e U r n p e o p l e o f t h e r i ' - ' v l e 
B r o n z e Age p e r s i s t e d i n t h e u p l a n d s t h r o u g h i r n t i l loman 
t i m e s , c a r r y i n g o n a v e r y m a r g i n a l f o r m o f c u l t i v a t i o n 
t h e r e . T h e y may a l s o have l i v e d i n t h e a,rea 
c o n t e m p o r a n e o u s l y w i t h s u c c e e d i n g p e o p l e s , i n a manner 
a n a l a g o u s t o t h a t e n v i s a g e d f o r ! ' e s o l i t h i c and i ' e o l i t h i c 
t i m e . 
The Romans and t h e f o l l o v / i n g waves o f A n g l o - O a x o n 
and S c a n d i n a v i a n s e t t l e r s o f t h e f i r s t fev / c e n t u r i e s 
A . ^ . c o n f i n e d t h e i r a t t e n t i o n s m a i n l y t o t h e C l e v e l a n d 
P l a i n and t h e d a l e s , v / h e r e , a c c o r d i n g t o S l g e e ( 1 9 3 0 ) , 
t h e y c a r r i e d o n m i x e d f a r m i n g , c u l t i v a t i n g w h e a t , b a r l e y 
a n d s r e l t v / h i l s t a l s o k e e p i n g g r a z i n g a n i m a l s . The 
u p l a n d s v/ere u s e d i n A n g l o - 3 ^ x o n t i m e s ?».s a r e f u g e f o r 
t h e B r i t i s h ; t h e C e l t i c F i e l d s o n I ' i l d a l e and C o ^ - o n d a l e 
h ' o o r s e v i d e n c e o f t h e i r a g r i c u l t u r a l p r a c t i c e s w i t h f o o t 
plou.-shs o r o x e n . 
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Some o r a l l o f s u c h a c t i v i t i e s may be r e f l e c t e d 
i n t h e e ? - r l y s t a g e s o f Sub -Zone C, v/hen t h e l a n d s c a p e 
m u s t h a v e c o n s i s t e d o f a m o s a i c o f f i e l d s y s t e m s , p o o r 
p a s t u r e and h e a t h . 
The f i r s t s i g n i f i c a n t change i n t h e economy o f 
t h e r e g i o n came w i t h t h e s p r e a d i n g o f m o n a s t i c i n f l u e n c e s , 
e s p e c i a l l y i n t h e t h i r t e e n t h c e n t u r y A . D . ( V i t e s , 1 9 5 7 ) . 
J . ' o n a s t i c g r a n g e s c o v e r e d a l a r g e p a r t o f C l e v e l a n d w i t h 
t h e i r e m p h a s i s o n p a s t o r a l ? c t i v i t i e s , a r a b l e 
a g r i c u l t u r e a s s u m i n g i n s i g n i f i c a n t p r o p o r t i o n s , '.. 'hi s 
f a r m i n g s y s t e m d i d n o t e x t e n d above 180 m e t r e s ( 6 0 0 * ) 
O . * ^ . , ( F a r r a , 1 9 6 1 ) , w b e r e t h e n o o r l a n d p l a t e a u b y 
now d e v o i d o f v i r t u r l l y a l l t r e e s , s e r v e d o n l y as 
e x t e n s i v e p a s t n . r e f o r s h e e p a n d c a t t l e . The l a s t p a r t s 
o f S u b - Z o n e C a t JUwe >^rag S l a c k a n d T r a r m i r e o l a c k seem 
t o i n d i c a t e t h e t r a n s i t i o n t o t h i s M e d i e v a l f a r n i n g 
e c o n o m y . On t h e m o o r l a n d s a b o v e t h e l i m i t s o f t h e 
i m p r o v e d p a s t u r e s o f t h i s t i m e , t h e f u l l e f f e c t s o f 
a r o u n d 4,r^'>0 y e a r s o f f a i r l y i n t e n s i v e human a c t i v i t y 
w e r e m a n i f e s t e d i n a b a r r e n and d e s o l a t e l a n d s c a p e . 
The u p p e r m o s t r e l i a b l e p r l y n o l o g i c a l e v i d e n c e f r o m Sessner 
C a r r s a n d 'Tes t " 'ouse r e f l e c t t h e r e l ^ - t i v e p r o s p e r i t y 
o f t b e M e d i e v a l l o w l a n d e c o n o m y , a l s o d o m i n a t e d b y 
p a s t o r a l i s m , b u t w i t h a f u l l e r l and u t i l i z a t i o n , a 
g r e a t e r d e n s i t y o f p o p u l a t i o n and. maybe e v e n some 
r e m a i n i n g p r i s t i n e v e g e t a t i o n . 
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OOKCLUSION 
T h i s s t u d y w h i c h h a s b e e n b a s e d p r i m a r i l y u p o n 
t h e a n a l y s i s a n d i n t e r p r e t a t i o n o f Q u a t e r n a r y 
s t r a t i g r a p h i c a l and p a l y n o l o g i c a l r e c o r d s f r o m f i v e 
m i r e s , ha s o u t l i n e d t h e m a j o r e c o l o g i c a l changes w h i c h 
h a v e o c c u r r e d i n C l e v e l a n d i n t h e L a t e - g l a c i a l p e r i o d 
a n d i n t h e m a j o r i t y o f P o s t - g l a c i a l t i m e w h i c h h a s so 
f a r e l a p s e d . 
S e q u e n c e s exsuained r a n g e f r o m t h e t i m e o f t h e 
e a r l i e s t p l a n t r e c o r d s i n t h e L a t e - g l a c i a l (Zone I ) , 
u n t i l s t a g e s w h e n e i t h e r h y d r o s e r e d e v e l o p m e n t c e a s e d 
o r was a f f e c t e d b y hnman a c t i v i t i e s a n d c o u l d no l o n g e r 
be c o n s i d e r e d a r e l i a b l e i n d i c a t o r o f e c o l o g i c a l c h a n g e s 
( n o r m a l l y d u r i n g t h e l a t e r s t a g e s o f Zones V l l b a n d 
V I I I o f t h e P o s t - g l a c i a l ) . 
The m a i n p h a s e s o f l a n d s c a p e e v o l u t i o n i n t h e 
r e g i o n a r e s u m i n a r i z e d i n F i g u r e 2 6 , a n d a r e s e t a g a i n s t 
t h e c u r r e n t t e r m i n o l o g i c a l a n d c h r o n o l o g i c a l schemes 
f o r L a t e Q u a t e r n a r y e v e n t s i n E n g l a n d and . f a l e s ( G o d w i n , 
1 9 5 6 . l e s t , 1 9 6 8 ) . 
r ^ e t a i l e d r e s u l t s a n d t h e d e v e l o p m e n t o f i n d i v i d u a l 
s i t e s and t h e i r e n v i r o n s h a v e b e e n p r e s e n t e d and d i s c u s s e d , 
a n d i t r em.a ins t o c o n t r a s t summary e v i d e n c e o f t h e s e v / i t h 
t h a t a v a i l a b l e f o r a d j a c e n t p a r t s o f n o r t h - e a s t E n g l a n d , 
and t o t o u c h u p o n d e v i a t i o n s f r o m t h e e s t a b l i s h e d scheme 
f o r p a t t e r n s o f change i n t h e B r i t i s h ' Q u a t e r n a r y f l o r a 
( G o d w i n , 1 9 5 6 ) . 
The p e r i o d i m m e d i a t e l y f o l l o w i n g d e g l a c i a t i o n i n 
t h e r e g i o n a f t e r t h e V / e i c h s e l i a n maximum ( c i r c a 14,COO -
1 2 , 0 0 0 B . C . ) was c h a r a c t e r i z e d b y e x t r e m e l y c o l d c o n d i t i o n s , 
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p e r e n n i a l l y f r o z e n g r o u n d a n d w a t e r b o d i e s , and e x t e n s i v e 
s o l i f l u c t i o n b o t h o n t h e d r i f t c o v e r e d l o w l a n d s and i n 
t h e d a l e s , as v / e l l as t h e e l e v a t e d d r i f t f r e e p l a t e a u . 
T h i s e a r l y Zone I l a n d s c a p e m u s t h a v e b e e n a k i n t o a 
' p o l a r d e s e r t ' ( V a n d e r 'Tanmen e t a l . , 1 9 6 7 ) , g r a d u a l l y 
e v o l v i n g t o a p o o r ' p a r k t u n d r a ' e n v i r o n m e n t ( l y e r s e n , 
1954) v / i t h h e l i o p h i l o u s h e r b s a n d d w a r f s h r u b c o m t n u n i t i e s 
d o m i n a n t . T h i s a c c o r d s w i t h t h e g e n e r a l v e g e t a t i o n 
p a t t e r n f o r n o r t h - e a s t i^ngland a n d B r i t a i n g e n e r a l l y a t 
t h i s t i m e , w h e n t h e r e w e r e no c l o s e d w o o d l a n d s a n d t h e 
v e g e t a t i o n was d o m i n a t e d b y h e r b s , , s h r u b s a n d a fev/ 
t r e e s ( G o d w i n , 1 9 5 6 ) . 
A r o u n d 1 0 , 0 0 0 B . C . t h e s e c o n d i t i o n s gave v/ay t o a 
m o r e e q u a b l e p e r i o d v/hen t h e c l i m a t e v/as c o n s i d e r a b l y 
w a r m e r , s o l i f l u c t i n n p r o c e s s e s l a r g e l y ce-i-sed, p l o p e s 
s t a b i l i z e d and. o r g s n i c r^^atter a c c x i m u l a t e d i n t h e m i r e s . 
Some s o i l d e v e l o p m e n t to-nk p l a c e , a n d a more co^np le te 
v e g e t a t i o n c o v e r i n c l u d i n g Te^ tu la c o p s e s and p e r h a p s 
i s o l a t e d s p e c i m e n s o f Pi.nias d e v e l o p e d , alo .nr- v / i t h 
l u x u r i a n t h e r b and s ^ r u b co-nmuni t i e s . A m i n o r c l i - a t i c 
o s c i l l a t i o n w i t h i n f ' i s . A l l e r o d i n t e r s t a d i a l c a u s e d p. 
s l i n ; h t r e c e s s i o n i n t r e e c o v e r a n d so.ir.e rcnev/ed masj^ 
move .Tent (Zone l i b ) . The g e n e r a l t r e n d o f Zone TJ. 
v e g e t p - t i n n i n B r i t a i n was one o f b i r c h w o o c ' l a n d 
( e s p e c i a l l y i n e a s t e r n -ngipHd), v / i t h some ^ine. 
N o r t h v / a r d s a n d v / e s t w a r d s f r o m r k s h i r e and L i n c o l n s > > i r e 
h o w e v e r , o n l y v e r y f e w f a v o u r e d l o c a l i t i e s h a d sue:? a 
v e g e t a t i o n , an'^ g e n e r a l l y h e r b ?nd s '^rub domina . t ed 
c o m m u n i t i e s w e r e " ' o s t i m p o r t a n t th . roug '*ou t Zone IT 
( T f a l k e r , 1 9 6 6 ) . The s u b - d i v i s i o n o f Zone I I i n t o a , 
b a n d c h a s b e e n made b y Newey ( 1 9 7 0 ) i n s o u t h - e a s t 
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S c o t l a n f i , a n d e x i s t s a t s ' t e s i n e a s t e r n Ourha'n 
( B a r t l e y , p e r s o n a l c o r . m u n i c a t i o n ) . 
The f i n a l ' p h a s e o f L a t e - g l a c i ? l t i m e was r^ar '-ed 
b y a n o t h e r p e r i o d o f co ld c l i .m? , t e a n d s e v e r e c o n d i t i o n s 
w i t h s o l i f l u c t i o n a c t i v e and m i n e r a l .natter d e p o s i t e d 
i n t h e m i r e s . T r e e c o v e r was r e d u c e d w i t h shm-bs and 
herb c o r m u n i t i e s r e - e x p a n d i n g , b u t n o t t o t h e i r Zone I 
f r e q u e n c i e s . 
Zone I I I c o n d i t i o n s , s e v e r e e n o u g h t o l e a d t o a 
m i n o r g l a c i a l a d v a n c e i n some u p l a n d a r e a s of B r i t a i n 
( s e e f o r exa^niple, I ' a n l e y , 1 9 5 9 ) , saw a g e n e r a l 
e x t e n s i o n o f h e r b a c e o u s c o ^ ^ m u n i t i e s w i t h r . o s t o r a l l 
e l e m e n t s o f t h e Zone i i f l o r a p e r s i s t i n g i n a r e d u c e d 
c o n d i t i o . i . 
A b o u t 8 , 0 0 0 T . C . s o l i f l u c t i o n p r o c e s s e s c e a s e d , 
s l o p e s s t a b i l i z e d and o r g a n i c m a t t e r a c c u m u l a t i o n 
b e g a n once a g a i n i n t h e p i r e s . V e g e t a t i o n a l c^-'anges 
occv \ r r ed i n r e s p o n s e t o a r a p i d c l i m a t i c a^ie 1 i o r ? t i o n . 
The b a s i c s o i l s o f t.he C l e v e l a n d T l ^ i n q u i c k l y becajne 
c l o t h e d w i t h c l o s e d . e t u l a f o r e s t w i t h i n v/^'ic.'-' l i t t l e 
b e l i o p h y t i c v e g e t a t i o n v.-as a b l e t o s u r v i v e . 
Concrequent l y , r i n n y c h a r a c t e r i s t i c I i a t e - g l a c i ? 1 s p e c i e s 
e i t h e r beca'-'e e x t i n c t o r tooV up r e s t r i c t e d ' c h i t r . t ? 
( f o r e x r . - ' p l e , ]2£.t^U.% yl^JV-J^J-IPJi > ^JXDJPPJ^'LP. 
Ephedra d i s t a c ' - y a anong t h e s ' r u b s , ro^l3;-^on- vx-, 
>'^ e lianthe .mum an r J a s i ojiie J » G . n j j a n r . r ^ o n g t h e ' e r h s , ?nd 
t ' l e brvo '^'-'ytes Pal iT^^el la s q u a r r o s a and. C a - " n t o t o c J j rn 
n i t e n s ) . 
O o n t h e poorer , more a c i d u p l a n d s o i l s 
v e g e t a t i o n a l d e v e l o p m e n t s v/ere n o t able t o keep pace 
w i t h t h e c l i m a t i c a m e l i o r a t i o n . The 2C0 .met res 
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d i f f e r e n c e i n a l t i t u d e and t h e i r e x p o s e d n a t u r e , 
made them b o t h c l i ' ^ . a t i c a H y and e d a p h i c a l l V l e s s 
s u i t a b l e t h a n t h e i r n e i g ^ ^ b o u r i n g l o w l a n d s f o r 
u n i n t e r r u p t e d ' ' y H r o s e r e r i eve l o p m e n t , c u i c h . m i g r a t i o n 
a n d f u l l es t a b l i sJ-ment o f t h e p i o . n e e r s p e c i e s t h a t 
t o o ' ; p l a c e a t t> j s t i r r e . " C o n s e q u e n t l y , h e r e open 
Be_tu^l^? v / oods , g r l j _ x s-nd C o r y l u s t h i c k e t s as v / e l l .^ s 
Enmej t rum h e a t h and p . c i r g r a s s l a n d p e r s i s t e d , i n e a r l y 
B o r e a l t i m e ( Z o n e s l Y and V ) . T t was t h e n , i n ^iTch 
a r e l a t i v e l y o p e n e n v i r o n m e n t t ^ a t " e s o l i t h i c r a n f o u n d 
s u i t a b l e " u n t i n g t e r r a i n a n d te-^ '^ora.ry ca- 'p r i t e s a r o u . i d 
I ' J ' i l d r l e , as he ' r d done o n a. much b i g g e r sc.- ' le i n t h e 
V a l e o f P i c ^ - e r i n g ( C l a r k , 1 9 5 4 ) . 
The e a r l y P o s t - g l a c i a l p e r i o d i n C l e v e l a n d r n p e r . r s 
t o Viave b e e n n i m i l a r t o o t h e r a r e a s o f e a s t e r n " . 'England, 
p a r t i c u l a r l y so t ^ c o n d i t i o n s n e a r Ba-~>burgh., 
l ^ o r t i - ' u m b e r l a n d ( B a r t l e y , 1966) v/.here t'^e h i ' ^ h e s t s i t e 
i n t h e a r e a r e t a i n e d L a t e - g l a c i a l v e g e t a t i o n i n t o 
B o r e a l t i m e . T h i s a r e a w a s , h o w e v e r , u n f o r e s t e d 
t h r o u g h o u t t h e w h o l e o f L a t e - g l a c i a l t i m e . 
.Zone VT ( a b o u t 7 , 0 " ' ^ B . C . ) saw t l i e d e v e l o p m e n t 
o f a f o r e s t e d 1 a.m.''so a.--e i n t h e u p l a n d s and chan;^e5 i n 
t h e c o m p o s i t i o n o f t h e l o w l a n d f o r e s t c o T m u n i t i e s . 
t o g e t h e r v.'ith s u b s t a n t i a l a m o u n t s o f Fi_^trujs, j o i n e d 
D e t u l a i n t h e B o r e a l l o w l a n d f o r e s t s . ^ Jn V^e u p l a n d s , 
a b o v e a b o u t 150 m e t r e s C.":?. , a r i n u s - C o r y l u s f o r e s t 
i n v / h i c h de c i duo t i . s c o m p o n e n t s p l a y e d o n l y a sn-^. l l p a r t 
d e v e l o p e d and p e r s i s t e d t h r o u g h o u t Zone V I , t h r i v i n g 
u p o n t h e s a n d y s o i l s a n d e n j o y i n g a l a c k o f c o m p e t i t i o n 
f r o m a n a l r e a d y c l o s e d w o o d l a n d c o m m u n i t y , . ' i reas o f 
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q u i t e o p e n , hea.t '^y v e g e t a t i o n s t i l l e x i s t e d ?.-ere, 
s e e m i n g l y s u i t e d t o t h e needs o f s r ^ r . l l n u r b e r s o f 
• ' e s o l i t h i c p e o p l e who t r a v e r s e d t h e t e r r a i n m a k i n g 
s m a l l c l e a r i n g s i n v/>at v/as a w a r n and d r y c l i m a t i c 
r e g i m e . 
The c o m p o s i t i o n o f t h e ' b o r e a l f o r e s t s , a .par t 
f r o m t h e p e c u l i a r l y h i g h ^ i j t i u s f r e q u e n c i e s i s n o t 
u n l i l . - e t h a t r e p o r t e d f o r o t h e r a r e a s i n B r i t a i n 
( G o d w i n , 1 9 5 6 ) . 
The i m p o r t a n c e o f t>e B o r e a l / A t l a n t i c t r a n s i t i o n 
( r a d i o c a r b o n d a t e d t o a r o u n d 5,0'^r> 3 . C . ) i n t h e r e g i o n , 
c a n be g a u g e d b y t h e e v e n t s a t t h e t i m e a p n r o a c h i n g 
t h e ' c l i ' ^ a t i c o p t i m u m ' , w h i c h c a u s e d q u i t e w i d e s p r e a d 
c h a n g e s i n f o r e s t c o m p o s i t i o n . The I:l i jciu^ - ,Co,rjy_l_u_s 
v / o n d l a n d s u p o n t h e m o o r l a n d s w e r e r e p l a c e d q u i t e 
q u i c k l y b y a d e c i d u o u s c o n n u n i t y i n v. 'h ich . J i e r c u ^ , 
UJ jTus , "^ 'e tu la a n d Al_nus d o m i n a t e d . The C l e v e l a n d 
P l a i n , a l r e a , d j ' c o v e r e d w i t . " w e l l d e v e l o p e d decic ' ' ' .ous 
f o r e s t , was s u b j e c t e d t o e x t e n s i o n s o f A l n u s a-t w e t t e r 
s i t e s a n d Ti_l_i_a a n d ^ r a x i n u s i n f a v o u r a b l e e d a p h i c 
c o n d i t i o n s , . .Mso f r o m e a r l y Zone V I ' a o n w a r d s m i r e 
g r o w t h and a c i d i f i c a t i o n v/as a c c e l e r a t e d , su g e s t i n g 
i n c r e r sed d a n p n e s s and r i s i n g w a t e r t a b l e s w h i c ' ' . ' '•elped 
e l i m i n a t e p l a n t s r e q u i r i n g n e u t r a l o r a l k a l i n e s o i l s o f 
hiah base s t a t u s w h i c h h a d managed t o r e n a i n i n s u i t a b l e 
r e f u g f t S s i n c e L a t e - g l a c i a l t i m e . I ' e s o l i t h i c man 
a p p e a r s t o h a v e c o n t i n u e d h i s w a n d e r i n g s o v e r t h e 
u p l a n d ^ j p e r h a p s e n l a r g i n g s l i g ' t l y any s m a l l a r e a s o f 
o p e n v e g e t a t i o n . 
The o r e n e r a l c o m p o s i t i o n o f t h e . ^ t l a n t i c f o r e s t s 
o f C l e v e l a n d when c o m p a r e d t o t h e r e s t o f t h e c o u n t r y , 
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seems t o f u l f i l ' t h e i d e a t h a t t h e c l i m a t i c opti .mum 
c o n d i t i o n s reachc-;d t h i s f a r n o r t h , b u t t h a t t h e 
r e g i o n was n e a r t o t h e t h r e s h o l d f o r sue'- a n 
e n v i r o n r . i e n t , i f t h e b e h a v i o u r o f such s p e c i e s as 
T i l i a i s e x a m i n e d . 
T n t i l t h e con'mencement o f com.bined Zones VJ^b 
a n d V I T I ( a r o u n d 3,C^0 B . C . ) , t h e r e c a n be no d o u b t 
t h a t i n cormon w i t h o t h e r p a r t s o f t h e c o u n t r y , 
c l i m a t e , s o i l s a n d p h y s i c a l g e o g r a p h y ( e s p e c i a l l y 
c h a n g i n g s e a - l e v e l s ) w e r e a l m o s t s o l e l y r e s p o n s i b l e 
f o r t h e p a t t e r n s o f e n v i r o n m e n t a l change i n C l e v e l a n d ; 
t h o u g ! . t h e r e seems t o be s u p p o r t f o r J r r i t h ( 1 9 7 0 ) i n 
h i s c o n t e n t i o n t h a t . f ' e s o l i t h i c men v/as more i n f l u e n t i a l 
i n r . o d i f y i n g t h i s e n v i r o n m e n t t h a n f o r n e r l y t h o u g h t 
p o s s i b l e . I t v/as n o t u n t i l t h e m i g r a t i o n o f i C e o l i t h i c 
f a r : T ! i n g c u l t u r e s t o B r i t a i n t h a t t J - i s g e x i e r a l s r . ' . i s s rv i ence 
o f man t o t h e e c o s y s t e m b e g a n t o c h a n g e . K e o l i t h i c 
p e o p l e s h a d s t o n e a x e s , c u l t i v a t i o n t e c h n i q u e s a n d 
( d o m e s t i c a t e d a n i m . a l s , a l l a b l e i n some way t o h e l p i n 
t h e d e s t r u c t i o n o f t h e n a t u r a l h i g h f o r e s t v e g e t a t i o n . 
T h e i r e f f e c t s i n C l e v e l a n d w e r e n o t g r e a t , p r o b a b l y 
s e r v i n g '-^ore t o f u r n i s h " e s o l i t h i c s u r v i v o r s w i t h nev/ 
i d e a s . C l a s s i c a l 'landnaT?' s e c u e n c e s o f I v e r c e . t i ( 1 9 4 1 ) 
a r e n o t s e e n ; c l e a r a n c e s v/ere t e m . p o r a r y , s m a l l and soon 
r e c o l o n i z e d w i t ' l e m p h a s i s m a i n l y o n s e l e c t i v e f e l l i n g 
o f l j l .mus a n d T i 1 i a p r o b a b l y f o r f o l i a g e t o use as 
a n i m a l f o d d e r , and l i t t l e use o f c u l t i v a t i o n 
t e c h n i q u e s was made . 
The f i r s t c o n c e r t e d a t t a c h o n t h e C l e v e l a n d 
l a n d s c a p e , p a r t i c u l a r l y t h e u p l a n d s , v/as made b y B r o n z e 
Age f o l k , p a r t i c u l a r l y t h o s e o f t h e ' C o l l a r e d J r n ' 
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( K i d c U e 'Sronze Age) p e r i o d . T h e i r v e r y r.bundant 
r e m a i n s i n d i c a t i n g t h a t they were r e s p o n s i b l e f o r 
d e f o r e s t a t i o n , r*.nr^ t h a t they c a r r i e d on s ' - i f t i n c j 
a r a b l e and o a s t o r s - l f r m i n f whose urmanaged n a t u r e 
e v e n t u a l l y l e d to s o i l ex'^austion, e r o s i o n and the 
s p r e a d of poor o a s t u r e and h e a t h l a n d . The 
t r a n s i t i o n to C a H u n a dominated h e a t h s be;,an e a r l i e r 
h e r e than i n many a r e a s ; but the lov/lands were l e s s 
a f f e c t e d , r e t a i n i n s a f a i r p e r c e n t a g e c o v e r of f o r e s t . 
I t i s d i f f i c u l t to i s o l a t e the e f f e c t s of 
succeeding; c u l t u r a l groups i n the r e g i o n , s?ve to add 
t h a t they saw the c o m p l e t i o n of d e f o r e s t a t i o n of both 
u p l a n d s , and l a t e r on the lo w l a n d s , wit."'? f u r t h e r 
d e g e n e r a t i o n s of the e c o l o g i c a l b a l a n c e . I t i s 
i n t e r e s t i n g to observe t h a t the p o l l e n r e c o r d s''.ows 
t h a t ^vena ( f i r s t c u l t i v ? t e d i n the I r o n Age) and 
j3e_cale (found e a r l i e s t i n lomano-;>ri t i sh t i m e s ) , 
a c c o r d i n g to Crodv/in ( 1956), a r e not encou n t e r e d u n t i l 
Sub-Zone C of Zones V'ilh and V I v I . I t i s t e n t a t i v e l y 
assumed t h a t t h i s Mub-Zone cor-Tvienced about the t i i r e of 
the I r o n Age o c c u p a t i o n ( c i r c a 500 E.G.) , but to v/hat 
e x t e n t the c l i m a t e d e t e r i o r a t e d then, and if. t h i s r e a l l y 
a f f e c t e d the g e n e r a l v e g e t a t i o n a l s u c c e s s i o n i s not 
c l e a r . T h e r e i s , however, some e v i d e n c e of ra.T>ewed 
a.nd onbrogenous n i r e gro\?th and c e r t a i n p l a n t s p e c i e s , 
f o r e x a p p l e , T i _ l _ i ^ , i'lmus and ^ejdera d e c l i n e d or 
d i s a p p e a r e d ; both these f a c t o r s being c o n s i d e r e d by 
Godwin (1956) to support c l i m a t i c changes a t t h i s time, 
•ome a u t h o r s , f o r exa^^ple, T u r n e r ( 1962) h?ve p l a c e d 
a n t h r o p o g e n i c f a c t o r s on the d e c l i n e of such, p l a n t s , 
and the e v i d e n c e seems e q u a l l y stro''ng on both s i d e s i n 
many i n s t a n c e s , e s p e c i a l l y i n the absence of r a d i o c a r b o n 
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d a t e s . 
P o s t - loirP.n r.nd Pre-''ediev? 1 landscE-ie e v o l u t i o n 
c a n be b e s t sunmarizer' as a p r o g r e s s i v e p c c e r . t u ? t i o n 
of e s t a b l i s ' - e d t r e n d s . The u p l a n d s r e v e r t e d to nore 
and Tiore e.cid h e a t M a n d , of use o n l y f o r e x t e n s i v e 
g r a z i n c r , w h i l e the lor/lands v/ere c l e a r e d of •"ost 
reir- . i n i n g f o r e s t c o v e r by the An2 lo-3axons, I T o nans 
and -Scandinavians v/ho fpvoured a r a b l e and p a s t o r a l 
a c t i v i t i e s . " o n a s t i c i n f l u e n c e s began to co.nninate 
the economy i n t.'?.e t"-.irteenth c e n t u r y .x,D. T h e i r 
p r e d o n i n a n t l y p s s t o r p l economy l e d to the u t i l i z ? t i o n 
of bot' u p l a n d and lowlrn.-;* f o r ^ r p z i n ^ , w h i l e they 
a l s o c l e a r e d and. i n p r o v e d land a t lower a l t i t n . r . e s . 
P a l y n o l o g i c ? 1 e v i d e n c e of changes between t'-i s 
e r a and the p r e s e n t day a r e l a c k i n g due to mire 
d i st'.irbance, but c o n d i t i o n s must have lool-.ed i n 
*'ediev?»l t i m e s not g r e a t l y d i s s i m i l a r to those of the 
p r e s e n t ps far 3p v e g e t a t i o n c o v e r i s concerner^. 
''Whatever woodland remained would have been n r n c r r e s s i v e 1 y 
c l e a r e d f o r a g r i c u l t u r a l and l a t e r , i n d u s t r i a l pu.rposes, 
l e a v i n g a m i x t u r e of CaJUuna ''^eathland and a c i r ' 
g r a s s l a n d i n the uple,nds, and a T o s a i c ol f r . r s t , o-^an 
f i e l d s and l a t e r , enclosii.res upon the C l e v e l a n d P l ' - i n 
and. i n f^e d a l e s . 
I t i s o n l y v / i t h i n the I p s t few decades t.'-'at 
a w a r e n e s s ox t>e - " e l i c a t e e c o l o g i c a l b a l a n c e v/''ic^ 
e x i s t s i n t'-^ e u n l r n d s ^nd t.he need to c o r r e c t , or at 
l e a s t m a i n t a i n i t .'as been f o r t h c o r a i n g . .,'i--espread 
n e a t e r o s i o n , m a i n l y a r e s u l t of i n d i s c r i m i n a t e -ioor 
b i i r n i n g , h as l e d to v a s t a r e a s of r e ^ o l i t h be^ng exposed, 
and the Ca^ljuna monoculture, u s e d f o r grouse r e a r i n g 
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m a i n l y , i s o f t e n b?.dly managed. The T ? l a n t i n g of 
t r e e s , m a i n l y c o n i f e r s , has tpl-.eii p l a c e s i n c e 195'', 
o n l y i n a v e a s too poor to be of I'se f o r any o t h e r 
p u r p o s e , but does i n d i c a t e a t le?.st a p a r t i a l 
a p p r e c i a t i o n of the problems and p o t e n t i a l i t i e s of 
the land use e c o l o g y of the u p l a n d s . 
T^e lov/lands a r e a p r o s p e r o u s a g r i c u l t u r a l 
a r e a , no doubt s e r v i n g a j u s t purpose a s they e x i s t 
a t p r e s e n t , and t'^e c a r e f u l -".anagepent t e c h n i r u e s 
ef^ployed t o m. a i i i t r i n both p h y s i c a l and econo-^ic w e l l -
b e i n g ovtweigh a^ny c a s e f o r l a n d use c h a i g e s -Mire. 
I t c a n o n l y be hoped t h a t the r e m a i n i n -
c u l t u r a l groups v/ithi-^ the p r e s e n t i n t e r g l a c i a l p e r i o d 
w i l l adhere a. rood d e a l more f i r ' ^ ^ l y t'^an t h e i r 
p r e ' ^ e c e s s o r s to the b a s i c p r i n c i p l e s of eco l o g y and 
e c o s y s t e m management. I f t h i s i s the c a s e , t'^e 
c u v u l a c i v e e f f e c t s of the l a s t 5,"''^ 0 or so y e a r s need 
not be n e a r l y a s poor a s t a r t i n g p o i n t f o r f u t u r e 
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